Mi^^O 28 DEC 2004 



PI 1047285 



\nm 1.1 AU6 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

August 05, 2003 



TfflS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 

APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 

FILING DATE. 

APPLICATION NUMBER: 60/408,739 
FILING DATE: September 06, 2002 

RELATED PCT APPLICATION NUMBER: PCTAJS03/20407 



By Autliority of the 
^VV\ \ ^ COMMISSIONER OF PATENTS AND TRADEMARKS 

H. PHILLTPS 
Certifying Officer 



PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH 
RULE 17.1(a) OR (b) 



60^73^ -O^OSO^ 

' EXPRESS MAIL NO: EL889345381 US/g^ 

DATED: September 6, 2002 ^ | 



Pffpy/^y^ ^A^^^y APPTJCATiON COVER SB E ET 

f^^t ^ . p«nv.SIONAL APPLICATION nnder 37 CFK fsa^c). 




APPLICATION TDENTIFIER (if noINVENTOR(8yAPPLICANT(8)aienamed) 




□ A check or money order is enclosed to cover the Provisional ffling fees. 
0 Tl» Coinmissioner is hereby authoriz»«l to charge filing fees and cred^ 



A dupH<«»te nf this sheet is enclosed. 




PROVISIONAL FILING FEE AMOUNT 




The invcaition was made by an agency 
^ No. 



Date: September 6, 2002 



of ttieUnited States Govcnuncmorundcraccmtraciw^^ 



Respectfully submitted* 
GENENTECH, INC. 



By:. 




Diane L. Marschang 
Reg. No. 35.600 



Rsmed (12/1 1/97) 



mi>RQ^S381US: Express Mafl N«mb« Sept^bet 6, 2002 : Date of Deposit 




15 



20 



I "* Patent Docket Ho. ER1918-1 

MBOBODS i«n> COMPOSITIONS K>R MDX,OLATI«G AND DBTECTIHO WISP ACTIVITY 

Field of ^-^^ Invention 

J^X=ti„, «e actl^ity.s, of WISP poX^ptidos. P«t.c«^^«^- 
WIS^l polyp.ptid,s. The invention elso rel.tes to ««">'"^ 
:<»,osition3 .or i„ .it„. in sit. nnd/o. i, vivo 

-, .,»n o ni- oatholoqical conditions associatea witn 
10 treatment of mammalian cells or patnoiogic 

WISP polypeptides. 

Badkaround *-^^ Invention 

^-v, *:=r.+-nr JCTGF) is a growth factor induced in 
Connective tissue growth factor (CTGF) is g ^. , , ^ i-h« 

fibroblasts by many factors, including TGF-B, and is essential for the 
"of to induce anchorage-independent growth (AIG) a property 

o/ ransformed cells. CTCr also is mitogenic and chemotactic ^J;- 
- .ence growth factors . ^ ^ ^l^^^^ -Z::ZZ 

isolated, cloned, sec^enced, and characterized as belonging to - ^ene 
family. Oemar and Luescher, ^ n^nlor Thromb. Vase. Bxol , ll- 1483 
489 (1997); Brigstock, Endocrin^, 20:189-206 (1999). The gene 

H L Cvrei has been found to promote angiogenesis, tumor growth, and 
encoding Cyrbl nas oeeu j-wm f K-^iis-eseo 

, • v<«n Babic at al., Matl. A ^ad. Sci. OSA, 95. 6355 63bO 

" ri::r™; "^-w i» t., es,enti.ii, nt t.e 

^ ::ac ,t„e, Ld ,ite„tio„= o. no. expression, «X.ti,e 

kid„L, h.,e been detects, in both a.in. nephrobleston». and h«»» Wil." 

Hettinerie et ai., Oncogene , 2. 272,-.732 ,19,4,. «i 
rre,niatea h»an no. .^roesion, which depreciation ^,ht repr,s«.t a 
..y elLnt i» non»l a.d t»oral „ephro„n»i.. M.rt.n,rie et ,1.. 

~ S„rr^r:L-- .a.ii, inter,, -ith ,.rione abi^ie 

- — -nr r —r ^inra—a^rtn^rr 

(Bork, TOBS Letters, 327.125 IJO) . ,Prazler et 

cyrei and CTGF by affinity chromatography on heparin-agarose t^-^^" « 
1 ain^^st^Ser^^. 107:404-411 (1996); Kireeva et al., 
Bi;'l ^^i;ii:ii^r;^)>- <=vr61 is secreted and associated with both 
SlLttellular matri. and the cell surface due - ^ - 
40 heparan sulfate (Vang et al., 0, 11. Growth ' .^^^^^^^^^^^^^^ ' 

Recently, WXSP-1 was shown to interact with decorin and ^^^^^^^^' '^ 
secreted dermatan sulfate proteoglycans. (Desnoyers, et al., i- . - 
Chem. , 276:47599-47607 (2001)). 
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_ The murine protein ELMl was recently identified in low metastatic 
eells. Hashimoto et al., a. Eko. Med. , 187:289-296 (1998). The elmi gene, 
a mouse orthologue of WXSP-1 disclosed below, is another member of the C«« 
gene family. It suppresses in vivo tumor growth and metastases of K-1735 
murine melanoma cells. Another recent article on rCop-1, the rat 
orthologue of WISP-2 described below, describes the loss of expression of 
this gene after cell transformation. Zhang et al., Mol. Cell. Bxol. , 

18:6131-6141 (1998). 

wnts are encoded by a large gene family whose members have been found 
in round worms, insects.' cartilaginous fish, anci vertebrates. Holland et 
al Dev. Suppl. , 125-133 (1994). Wnts are thought to function a.n a 
variety of developmental and physiological processes since many diverse 
species have multiple conserved Wnt genes. McMahon. Trends Genet. , 8: 236- 
242 (1992); Nusse and Varmus, Cell, 69^ 1073-1087 (1992). Wnt genes encode 
secreted glycoproteins that are thought to function as paracrine or 
autocrine signals active in several primitive cell types. McMahon, supra 
(1992); Nusse and Varmus, supra (1992). The Wnt growth factor family 
includes more than ten genes identified in the mouse (Wnt-1, -2, -3A, -3B, 
-4, -5A, -5B, -6, -7A, -7B, -8A, -8B, -lOB, -11, -12, and -13) (see. e.g., 
Gavin et al.. Genes D^v. , 4: 2319-2332 (1990); Lee et al., ^roc. Natl. 
Acad Sci. OSA , 92: 2268-2272 (1995); Christiansen et al., Mech. Dev. , 51: 
341-350 (1995)) and at least nine genes identified in the human (Wnt-1, -2, 
-3, -5A, -7A, -78, -8B, -lOB, and -11) by cDHA cloning. See, e.g., Vant 
• velr et'aJ., Mol. Cell. Biol. , 4: 2532-2534 (1984). 

The Wnt-1 proto-oncogene (int-1) was originally identified from 
mammary tumors induced by mouse mammary tumor virus (MMTV) due to an 
insertion of viral DNA sequence. Nusse and Varmus, Cell, 31: 99-109 
(1.982) . in adult mice, the expression level- of ..nt-1 mHKA is detected only 
in the testis during later stages of sperm development. Wnt-1 protexn xs 
about 42 KDa and contains an amino- terminal hydrophobic region, which may 
function as a signal sequence for secretion (Nusse and Varmus, supra, 
1992). The expression of Wnt-2 is detected in mouse fetal and adult 
tissues and its distribution does not overlap with the expression pattern 
for Wnt-1. is associated with mouse marmnary tumorigenesis . The 

expression of Wnt-3 in mouse embryos is detected in the neural tubes and xn 
the limb buds. transcripts are detected in the developing fore- and 

hind limbs at 9.5 through 14.5 days and highest levels are concentrated xn 
apical ectoderm at the distal tip of limbs. «usse and Varmus, supra 
(1992). Recently, a Wnt growth factor, termed Wnt-x, was described 
(W095/17416) along with the detection of Wnt-^ expression in bone txssues 
and in bone-derived cells. Also described was the role of ^ 
maintenance of mature osteoblasts and the use of the Wnt-x growth factor 



therapeutic agent or in the development of other therapeutic agents to 
treat bone-related diseases. 

Wnts may play a role in local cell signaling. Peifer and Polakis, 
science . 287:1606-1609 (2000). Biochemical studies have shovm that much of 
5 the secreted Wnt protein can be found associated with the cell surface or 
■ extracellular matrix rather than freely diffusible in the medium. Papkoff 
and Schryver, m»1. Cell. Biol. . 10: 2723-2730 (1990); Bradley and Brown. 
EMBO J. , 9: 1569-1575 (1990). 

Studies of mutations in mt genes have indicated a role for Wnts in 
10 growth control and tissue patterning. In DrosophiJa, wingless (wg) encodes 
■ a- W^t-related gene (Rijsewik et al.. Cell, 50: 649-657 (1987)) and wg 
mutations alter the pattern of embryonic ectoderm, neurogenesis, and 
imaginal disc outgrowth. Morata and Lawerence, Dev. Biol. . 56: 227-240 
(1977); Baker. Dev. Biol. . 125: 96-108 (1988); Klingensmith and Nusse, Dev^ 
15 Biol. . 166: 396-414 (1994) . In Caenorhabdltis elegana. lin-44 encodes a Hnt 
homolog which is required for asymmetric cell divisions. Herman and 
Horvitz, Development . 120: 1035-1047 (1994). Knock-out mutations in mice 
• have shown Wnts to be essential for brain development (McMahon and Bradley, 
Cell , 62: 1073-1085 (1990); Thomas and Cappechi, Nature, 346: 847-850 
20 0990)), and the outgrowth of embryonic primordia for kidney (Stark et al.. 
Mature , 372: 679-683 (1994)), tail bud (Takada et al.. Genes Dev. , 8: 174- 
189 (1994)). and limb bud. Parr and McMahon. Nature, 374 350-353 (1995). 
Overexpression of Wnt-1 in the mammary gland can result in mammary 
hyperplasia (McMahon. supra (1992); Nusse and Varmus, supra (1992)), 
25" precocious alveolar development (Bradbury et al.. Dev. Biol. , 120= 553-563 
(1995)), and mammary adenocarcinomas (Li et al.. Oncogene . 19:1002-1009 
(2000)). 

Wnt-5a and Kn£-5b are expressed in the posterior and lateral mesoderm 
and the extraembryonic mesoderm of the day 7-8 murine embryo. Gavin et 

30 al.. supra (1990). These embryonic domains contribute to the AGM region 
and yolk sac tissues from which multipotent hematopoietic precursors and 
HSCs are derived. Dzierzak and Medvinsky, Trends Genet. , 11: 359-366 
(1995); zon et al.. in Gluckman and Coulombel. ed.. Colloque. INSERM. 235: 
17-22 (1995), presented at the Joint International Workshop on Foetal and 

35 Neonatal Hematopoiesis and Mechanism of Bone Marrow Failure, Paris France, 
April 3-6, 1995; Kanatsu and Nishikawa, Development, 122: 823-830 (1996).. 
f7nt-5a, Wnt-lOb, and other Wnts have been detected in limb buds, indicating 
possible roles in, the development and patterning of the early bone 
microenvironment as shown for Unt-lh. Gavin et al., supra (1990); 

40 Christiansen et al., Mech. Devel. . 51: 341-350 (1995); Parr and McMahon. 
supra (1995) . 
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For a review on Wnt, see Cadigan and Nusse, Genes & Dev. , 11: 

describe the cloning and characterization of two genes, WISP-1 and 

that are up-regulated in the mouse mammary epithelial cell line C57MG 

transformed by Wnt-1, and a third related gene, WISP-3. 

99/21998 published May 6, 1999; WO 99/21999 published May 6, 1999) 

Pennica et al. report that these mSP genes may be downstream of Wnt-1 

signaling and that aberrant levels of WISP expression in colon cancer may 

play a role in colon tumorigenesis . WISP-1 has recently been identified as 

a a-catenin-regulated gene and the characterization of its oncogenic 

activity demonstrated that WISP-1 might contribute to a-catenin-mediated 

• /V, «i- «1 Gene & Dev elop. , 14:585-595 (2000)). WISP-1 
tumorigenesis (Xu et aX., yy"^ — """"•^" ' ^ ' — 

overexpression in normal rat kidney cells («RK-49F) induced morphological 
transformation, accelerated cell growth and enhanced saturation density, 
in addition, these cells readily form tumors when injected into nude mxce 
suggesting that WISP-1 may play some role in .tumorigenesis (Xu et al., 
supra 2000) . WISP-1 is also overexpressed in transformed human breast 



20 



cancer 



cell lines and in about 47% of primary human breast cancer 
Ilsociated with certain advanced features. Xie et al., ^^^^^^ 
61:8917-8923 (2001); Saxena et al., MoT. Cell Biochem., 228:99-104 (2001); 
Michaelson et al., Oncogene, 20:5093-5099 (2001). A particular WISP-1 
variant has also been reported to be overexpressed in about 86% of human 
scirrhous gastric carcinoma cells. Tanaka et al.. Oncogene, 20:5525-5532 

^ ''""'^Hurvitz et al., Nature Genetics , 23:94-97 (1999) describe a study 
involving WISP3 in which nine different mutations of WISP3 in unrelated 
individuals were found to be associated with the autosomal recessive 
skeletal disorder, progressive pseudorheumatoid dysplasia (PPD) . «ISP3 

30 expression by RT-PCR was observed by Hurvitz et al. in human synoviocytes 
articular cartilage chondrocytes, and bone-marrow-derived mesenchymal 

progenitor cells. - 

PCT application W098/21236 published May 22, 1998 discloses a human 
connective tissue growth factor gene-3 (CTGF-3) encoding a 26 kD member of 
35 the growth factor superfamily. W098/21236 discloses that the CTGF-3 amino 
acid sequence was deduced from a human osteoblast cD«A clone, and that 
CTGF-3 was expressed in multiple tissues like ovary, testis, heart, lung. 
Skeletal muscle, adrenal medulla, adrenal cortex, thymus, prostate, small 

intestine and colon. 

40 Hyaluronic acid (also referred to as HA. hyaluronate, or hyaluronan) 

is recognized in the literature as being an important component of the 
extracellular matrix (See, e.g., Hardihgham et al.. FASEB J. , 6:861-870 
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992); Laurent et al., FASEB J. , 6:2397-2404 (1992)). HA is a coinponent 
of skin and mesenchymal tissues where it facilitates cell migration during 
wound healing, inflamation, ^and embryonic morphogenesis. (Knudson et al., 
FASEB J. , 7:1233-1241 (1993); Knudson et al., CIBA Found. Symp., 143:150- 
5 169 (1989)). HA has also been reported to play a role in certain types of 
metastases. (Naor et al., CD44: Struct ur e, Functio n and Associatioa with 
the Malignant Process , Advances in C ancer Research, Academic Press (1997), 
• pages 241-319) . The largest concentrations of HA are found in the skin and 
musculo-skeletal system which account for over 50% of total body HA. 
10 (Banerji et al., J. Cell Biol. , 14i!''89-801 (1999)). 

Various investigators have reported on receptors which bind HA. One 
of the receptors identified for HA is the CD44 protein. (See, e.g., Culty 
et al., J. cell Biology , 111:2765-2774 (1990); Aruffo et al.. Cell, 
61:1303-1313 (1990); Naor et al., CD44: Structure, Function and Association 
15 - with the Malignant Process , Advances in Cancer Research, Academic Press 
(1997), pages 241-319); Ropponen et al.. Cancer Res., 58:342-347 (1998); 
Masaki et al.. Cancer , 92:2539-2546 (2001). CD44 is a family of cell- 
surface glycoproteins generated from a single gene by alternative splicing 
and differential glycosylation . . (Wielenga et al.. Am. J. Pathology , 
20 154:515-523 (1999)). CD44 is believed to function as a cell adhesion 
receptor, linking extracellular molecules, specifically hyaluronate, to the 
cell and the cytoskeleton (Wielenga et al., supra) . CD44 is expressed on 
epithelial, mesenchymal and lymphoid cells. (Lesley et al.. Adv. Immunol. , 
54:271-335 (1994)). Wielenga et al. report that CD4 4 expression may be 
25 regulated by the WNT pathway, based on certain experiments analyzing CD44 
expression in the intestinal mucosa of mice and humans with genetic defects 
in either APC or Tcf-4. (Wielenga et al., supra) . 

Other HA receptors characterized to date include RHAMM (also referred 
to as receptor for hyaluronic acid mediated motility), a 58 kD 
30 intracellular protein expressed transiently on the surface of transformed 
lymphocytes (Hardwick et al., J. Cell Biol. , 111:1343-1350 (1992); Turley 
et al., Exp. Cell Res. , 207:277-282 (1993)). RHAMM expression in 
fibroblasts was reported to promote metastasis and play an important role 
in H-Ras transformation (Hall et al., infra) . 
35 Another receptor which binds HA was described by Banerji et al, 

(Banerji et al., supra ) . Banerji et al. report a receptor on lymph vessel 
walls, referred to as "LYVE-1", which is 'a 322-residue type 1 integral 
membrane polypeptide which has a 41% similarity to the CD,44 receptor. 
Dnlike the CD44 receptor for HA, the LYVE-1 protein is absent in blood 
40 vessels. In addition, layilin (Bono et al., Mol. Biol. Cell, 12:891-900 
(2001)) and HARE (Zhou et. al., J. Biol. Chem. , 275:37733-37741 (2000)) were 
also described as HA receptors. 
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Summary of the In vention 

- . WTSP-l can induce HAS 2 

Applicant has surprisingly found that WISP i ca 

v>,.«* 2^ CD44. and RHAMM mRNA expression, CD44 protein 

X .-,te or l«c«.s. cncr cell ,.o„.K, »otillt, .„./o. .,t.«.t.c 
poLnti.l. Th. P«.ent invention tnue .rovidee for "'^^^^ 
. L.,oni,t, .r^ »et.od, o£ »si., .ucn antagonists The a-"'; 
aescLea ...ein find ntiiit, for. a^n, other things, i. .i ro, i. s.t , 
,„ or in vivo diagnosis or , tre.t,~nt of »-n.lian cancer " 

pathologic.1 conditions asaooiatad .ith the induction or aeoretrcn o( HAS2. 

m. CD44 or RHSMM. ,k.„ .re orovid.d isolated WISP-1 

In embodiments of the invention, there are provioea 
,nt.,o„ists. such antagonists cc^rise antibodies «.ch a, 1 

,< Mtibodles. in praf.rr«l e,.i»di»=nt., the antagonist. block or 

15 antibooies. i i- RHaBM. such 

nentraliz. mSP-l induction or secretion of BASZ. HA. CD 
»t„onistic antibodie. ».y, .or eKS^ple. be monoclo^l 
Chloric antibodies, humanized antibodies, or human "^^^"^^ ^.-1 
entagonlst. contes,plated for use in the invention include MSP 1 
» "dhesins, verients. covalentl. -dified forma 

.usion proteins theraof. By «a, of e,a«ple, such antagonist. ™y ^ »de 
pegylated «1SP-1 or «ISP-1 fu.ed to heterologous .egnence. such as epitope 
7Z or laucine .ipper.. The methods contemplate the use of a ^^'^J^^ 
of ant.goni.t molecule or a combination of two or more types 

^ "riethods Of the invention inclnd. methods to "eat p.tholog^al 

conditions or diseases in mammals e..ooiat«l -Ith or resulting fro. «ISP-1. 
~i::: mduction c. a.cr.tion of H^.. HA. CO,, or «™» by wis.-. In 
■ the method, of treatm^it, «SP-1 antagoni.ts may be ad^nrstered to the 
» ^ suffering fro. such pathological condition or disease 

the invention provides a method ocmprl.ing exposing a mammalian C.IU^, 
such as a cancer celK... to on. or more KSP-1 «.t.,o„iata rn an »»»t 
• effective to decrease, neutrali.e or block WISP-1 induction or seoretron of 
BAS2, HA. C044 o. RH»H«. Th. cell may be in cell culture or in a »mmal, 
35 , o. a mammal suffering from, for instrace. cancer. 

The invention .l.o provides compositions which comprise one or more 
«ISP-1 antagonists. Optionally, the compositions of the 

include.pharmaceutically acceptable carriers or diXuants. Preferably, th^ 
coa^sitions will include one or .ore WXSP-1 antagonist, in an * 
« is Lrapeuticsll, effective to treat a "~ ~ ^ "hi'ch 

The inv».tion also provide, articles of manufacture and kit. whic 

include one or »o«« ""^P-l antagoni.ts. 



I 

- The invention also provides methods of conducting screening assays to 
identify candidate molecules, such as small molecule compounds, 
polypeptides or antibodies, which act as antagonists with respect to 
hloLng or neutralizing WISP-1 induction or secretion of HAS2, HA, CD44 or 

More particular embodiments of the invention include isolated WlSP-1 
antagonists which inhibit or neutralize the induction or secretion of HAS2, 
HA, CD44 or RHAMM by native WISP-1 polypeptide in at least one type of 
™iian cell, said antagonist being selected from the group consisting of 
10 an anti-WISP-1 antibody, a WISP-1 iimnunoadhesin. a WISP-1 variant, and 
fusion proteins thereof. The antagonist may con«,rise an anti-WISP-l 
antibody which binds native human WISP-1 polypeptide comprising amino acxds 
23-367 of Figures 9A-9C or one or more domains of WISP-1 comprising amxno 
acids encoded by the sequence, of SEQ ID «0:3, 4; 5; 6; .7; 8; 9; 10; or 11 
15 herein. 

The invention also provides compositions comprising the antagonists 
described herein and a carrier, optionally the carrier is a 
pharmaceutically-acceptable carrier . 

The invention also provides methods of inhibiting or neutralizing 
20 WISP-1 induction or secretion of HAS2, HA, CD44 or RHAMM in mammalian . 
■ cells, comprising exposing said mammalian cells to an effective amount of 
WISP-1 antagonist, wherein said WISP-1 antagonist is selected frbm the 

group consisting of 
a) a WISP-1 immunoadhesin; 
25 • b) a WISP-1 polypeptide linked to a nonproteinaceous polymer selected from 
the group consisting of polyethylene glycol, polypropylene glycol, and 
polyoxyal kylene ; 

c) a WISP-1 antibody; and 

d) a WISP-1 variant. 

30 The WISP-1 imcvunoadhesins employed in the methods may comprise a 
WISP-1 sequence fused to a Fc region of an immunoglobulin. The 
anti-WISP-1 antibodies employed in the niethods may bind native human 
WISP-1 comprising amino acids 23-367 of Figures 9A-9C, or one or 
more of the domains of WISP-1 described in the Examples below. In 
35 the methods, the mammalian cells may comprise cancer cells, and optionally 
the cells comprise colon or colorectal cancer cells, breast cancer cells, 
lung cancer cells, or brain cancer cells {such as glioma or ^^^^f^^^^^^'' 

in other embodiments, there are provided methods of treating cancer 
in a mammal, comprising administering to said mammal an effective amount of 
40 WISP-1 antagonist. Optionally, in said methods, the antagonist may inhibit 



neutralize induction or secretion of HAS2, HA, CD44 or RHAMM by native 
human WISP-1 polypeptide in at least one type of mammalian cell and said 
antagonist is selected from the group consisting of an anti-WISP-1 
antibody, a WISP-1 immunoadhesin and a WISP-1 variant. Optionally, the 
5 antagonist may act to inhibit cancer cell growth or cancer cell metastasis. 
The cancer in the mammal may comprise colon or colorectal cancer cells, 
breast cancer cells, lung cancer cells, or brain cancer cells (such as 
glioma or glioblastoma). Optionally, the antagonist (s) employed in the 
methods inhibits or reduces cancer cell growth or metastasis. Also, in the 
10 methods, chemotherapy or radiation may also be administered to the mammal^. 

In more particular embodiments, there are provided antibodies which 
specifically bind to one or more domains of WISP-1 polypeptide (described 
further in the Examples below) comprising amino acids encoded by the 
sequences of SEQ ID N0:3; 4; 5; 6; 7; 8; 9; 10; or 11 herein. Optionally, 
15 the antibody is a monoclonal antibody. Optionally, the monoclonal antibody 
comprises the 3D11, 11C2, 9C10, 5D4, or 9C11 antibody secreted by the 

hybridoma deposited with ATCC as accession number , , r # or 

, , respectively. 

Also provided are antibodies which bind to the same epitope as the 
20 epitope to which the 3D11, 11C2, 9C10, 5D4, or 9C11 monoclonal antibody 
produced by the hybridoma cell line deposited as ATCC accession number 

^ , , , or r respectively, binds. 

In yet other particular embodiments, there is provided the hybridoma 
cell line which produces monoclonal antibody 3D11, 11C2, 9C10, 5D4, or 9C11 

25 and deposited with ATCC as accession number , , / # 

, respectively, and the monoclonal antibody 3D11, 11C2, 9C10, 5D4, or 



9C11 secreted by the hybridoma deposited with ATCC as accession number 

^ , , , or , respectively. 

There are also provided isolated anti-WISP-1 monoclonal antibodies, 
30 comprising antibodies which bind to WISP-1 polypeptide and competitively 
inhibit binding of the monoclonal antibody produced by the hybridoma 

deposited as ATCC accession no. , f r / , ^^^^ 

WISP-1 polypeptide. 

There are also provided chimeric or humanized anti-WISP-1 antibodies 
35 which specifically bind to WISP-1 polypeptide and comprise (a) a sequence 
derived from the 3D11, 11C2, 9Cl0, 5D4, or 9C11 antibody secreted by the 

hybridoma deposited with ATCC as accession number , , # . r 

or , respectively. Optionally, such antibodies may comprise a heavy 

chain, light chain or variable regions derived from the 3D11, 11C2, 9C10^ 
40 5D4, or 9C11, antibody. 

The anti-WISP-1 antibodies may be linked to one or more non- 
proteinaceous polymers selected from the group consisting of polyethylene 
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^ycol, polypropylene glycol, and polyoxyalkylene, or to a cytotoxic agent 
or enzyme, or to a radioisotope, fludrescent compound or chemi luminescent 
conqpound. 

^ Brief Description of the Drawings 

Figures lA-lF show WISP-1 promotion of hyaluronan production. 
Particle exclusion assay demonstrating a hyaluronan coat at the surface of 
• NRK/WISP-IH (A) and NRK/WISP-IL (B) but absent from NRK/control (C) . 
10 NRK/WISP-IH (D) and NRK/control (E) were stained for hyaluronan with bHABP. 
F, Time course of HA accumulation in NRK/WISP-IH and NRK/control media. 
Figures 2A-2C show WISP-1 increases HAS2, CD44 and RHAMM mRNA 
expression and CD44 protein expression. A> Real time RT-PCR analysis of 
HASl, HAS2, HAS3; CD44, RHAMM and hyaluronidase (Hyal) mRNA expression in 
15 NRK/ilSP-rlH, NRK/WISP-IL and NRK/control cells. Results are given as fold 
induction over the expression in NRK/control cells. B, Flow cytometry 
analysis of CD4 4 expression in NRK/WISP-IH and NRK/control cells. The 
shaded area represents the fluorescence intensity of the secondary antibody 
■ alone. C, Western blot analysis of CD44 protein in NRK/WISP-IH and 
20 NRK/control cells. Actin staining was used as a loading control. 

Figures 3A-3G show WISP-1 expression increases cell motility and 
modifies cellular morphology. NRK/control cells (A) formed defined colonies 
when plated at low density whereas NRK/WISP-IL (B) and NRK/WISP-IH cells 
(C) scattered. NRK/WISP-IH (E) showed a de-differentiated spindloid • 
.25 morphology with lamelipodia compared to NRK/control cells (D) . F, The 

random migration of NRK/WISP-IH and NRK/control cells was measured over 15 
. • hours using time lapse microscopy. Results represent the typical average 
. migration distance of cells in one field. G, Motility of NRK/WISP-IH and 
NRK/control' cells was evaluated by a cell wound healing assay and measured 
30 after 15 hours using time lapse microscopy. Data represent the results of 

• 3 typical experiment. 

Figures 4A-4C show WISP-1 addition induces HAS2 mRNA expression and 
haptotactic migration of NRK cells- A, Real time RT-PCR analysis of HAS2 
and CD44 expression in NRK cells seeded on coated surface. In certain 
35 cases the coated substrates were further incubated with WISP-1 (treatment) . 
Results are given in fold induction over expression in NRK cells plated on 
non-coated, non-treated surface. The underside of modified Boyden chamber 
filters were coated and NRK cells (B) or SW480 cells (C) were added to the 
. upper chamber. Xn certain cases, additions were made directly to the lower 
40 chamber. Cell motility was evaluated by counting the cells that migrated 
to the lower side of the insert. 
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_ Figures 5A-5E show WISP-1, HAS2 and CD44 over-expression and 
increased cell motility in C57MG/Wnt-1 cells and MMTV-Wnt-1 transgenic mice 
^nam^ry tumors- A, Real time RT-PCR analysis of WISP-1, HAS2 and CD44 
expression in C57MG/Wnt-1 and C57MG/control cells. Results are given as 
5 ■ fold induction over expression in C57MG/control cells. B, Western blot 
analysis of CD44 content in C57MG/Wnt-1 and C57MG/control cells. Actin 
staining was used as" a loading control. C C57MG/control cells formed 
distinct colonies when plated at low density whereas C57MG/Wnt-1 cells 
scattered. Semi-quantitative RT-PCR analysis of HAS2 (D) and CD44 (E) in 
10 mammary tumors of MMTV-Wnt-1 transgenic mice. Results are expressed as 

relative fold induction over the expression in normal mammary gland txssue. 

Figures 6A-6H show WISP-1, HAS2 and CD44 expression and HA 
accumulation in MMTV-Wnt-1 transgenic mammary tumors. In situ 
hybridization of WISP-1 (A, B) HAS2« {C, D) and CD44 (E, F) , 
15 immunohistochemistry of CD44 (G) and bHABP fluorescent staining of 

hyaluronan (H) in MMTV-Wnt-1 transgenic mouse mammary tumors, t, tumor; s, 
stroma. 

Figures 7A-7L show WISP-1 expression promotes metastatic lung 
colonization ai>d tumor growth. The effect of WISP-1 was analyzed by 
20 injecting NRK/control, NRK/WISP-IL or NRK/WISP-IH cells in the tail vein of 
nude mice. At various times after injection, lungs were imaged by MRI (A, 
D, G, J), excised and their gross appearance (B, E, H, K) and- histological 
features (C F, I, L) w;re recorded. The severity of lung invasion by 
tumors was graded as normal (A, B, C); grade I (D, B, F) ; grade 11 (G, H, 

25 I) or grade III (Jf L) . 

Figures 8A-B show CD44 antibody prevents NRK/WISP-IH cell metastasis. 
NRK/WISP-IH cells (2.5 X 10=» cells) were injected in the tail vein of nude 
«ice. Mice were treated twice a week with 10 mg/kg of a CD44 antibody, an 
isotype control antibody or with buffer only (PBS) . The lungs were excised 
30 after four weeks for gross anatomical analysis. Picture of a normal lung 
is shown for comparison. 

Figures 9A-9C show the nucleotide (SEQ ID 110:2) and putative amino 
acid sequence (SEQ ID N0:1) of native human WISP-1. 

Figure 10 shows the effects of WISP-1 expression on NRK metastatxc 

35 potential. 

Figures llA-B show the binding properties of WISP-1 antibodies to 
various WISP-1 constructs and preparations. 

Figures 12A-G show diagrams of various domains of WISP-1 polypeptide 
and the results of assays conducted to identify the epitopes recognized by 
40 the WISP-1 antibodies 11C2, 5D4, 9CH. and 3D11, respectively. 

Figure 13 shows the results on an assay conducted to identify the 
epitope recognized by the WISP-1 antibody 9C10. 
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Figure 14 shows the results of an ELISA demonstrating detection of 

WISE-1 by WISP-1 antibodies. 

Figure 15 shows the results of an ELISA binding assay demonstrating 
that WISP-1 antibodies recognizing the variable region of WISP-1 can 

5 inhibit WISP-1 binding to heparin. 

Figures "16A-B show the results of an assay detecting inhibition of 
haptotaxis of NRK cells by WISP-1 antibodies (16A) and a ch'art summarizing 
the properties and characteristics of WISP-1 antibodies (16B) . 

Figures 17A-E show the results of an in vivo study of the effects of 

10 WISP-1 antibodies. After 3 weeks, the severity of the lesions found in 

WISP-1 antibody treated animals was greatly attenuated compared to control 
{Fig. 17 a, b) . The number of nodules and the average area of the 
metastatic foci found in mice treated with WISP-1 antibodies (n-5) were 
reduced compared to animals treated with a control antibody (Fig. 17 c,d). 

15 The total pulmonary area covered by the lesions was reduced by 82-97% 
compared to animal treated with an isotype control antibody (Fig. 17e) 

Detailed Description of the Invention 

I. Definitions 

20 The term "WISP polypeptide" refers to the family of native-sequence 

human and mouse WISP proteins and variants described herein whose genes are 
induced at least by Wnt-1. This term includes WISP-1 and variants thereof. 

Such WISP-1 proteins are described further below and in PCT application 
W099/21998 published May 6, 1999. OS 6,387,657 Bl issued May 14. 2002, and 
25 in Pennica et al., p^^^. N.tl. Acad. Sci.. 95:14717-14722 (1998). 

The terms "WISP-1 polypeptide", "WISP-1 homologue" and grammatical 
• variants thereof, as used herein, encompass native- sequence WISP-1 protein 
and variants (which are further defined herein) . The WISP-1 polypeptide 
may be isolated from a variety of sources, such as from human tissue types 
30 or from another source, or prepared by recombinant or synthetic methods, or 
by any combination of these and similar techniques. 

The term "native-sequence WISP-1 polypeptide" comprises a polypeptide 
having the same amino acid sequence as a WISP-1 polypei^tide derived from 
nature. Such native- sequence WISP-1 polypeptides can be isolated from 
35 nature or can be produced by recombinant or synthetic means. The term 
"native-sequence WISP-1 polypeptide" specifically encompasses naturally 
occurring truncated or secreted forms of a WISP-1 polypeptide disclosed 
herein, naturally occurring variant forms (e.g., alternatively spliced 
• forms or splice variants), and- naturally occurring allelic variants of a 
40 WISP-1 polypeptide. In one embodiment of the invention, the native- 
sequence WISP-1 polypeptide is a mature or full-length native-sequence 
human WISP-1 polypeptide coB«>rising amino acids 23 to 367 of Figure 9 or 
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lino acids 1 to 367 of Figure 9. respectively, with or without N-terminal 
methionine . 

In another embodiment of the invention, the native-sequence WISP-1 
polypeptide is the full-length or mature native-sequence human WISP-1 
polypeptide comprising amino acids 23 to 367 or 1 to 367 of Figure 9 
wherein the valine residue at position 184 or the alanine residue at 
position 202 has/have been changed to an isoleucine or serine residue, 
respectively, with or without N-terminal methionine. In another embodiment 
of the invention, the native-sequence WISP-1 polypeptide is the full-length 
or. mature native-sequence human WISP-1 polypeptide comprising amino acids 
• 23 to 367 or 1 to 367 of the Figure 9 wherein the valine residue at 
position 184 and the alanine residue at position 202 has/have been changed 
to an isoleucine or serine residue, respectively, with or without N- 

' terminal methionine. 

In another embodiment of the invention, the native-sequence WISP-1 
polypeptide is one which is encoded by a nucleotide sequence comprising one 
of the human WISP-1 splice or other native-sequence variants, including SEQ 
ID NOS:23, 24, 25, 26, 27, 28, or 29 shown in W099/21998, with or without 
an N-terminal methionine. 

The term "WISP-1 variant" means an active WISP-1 polypeptide as 
defined below having at least about 80%, preferably at least about 85%, 
86%, 87%, 88%, 89%, more preferably at least about 90%, 91%, 92%, 93%, 94%, 
most preferably at least about 95%, 96%, 97%, 98%, or 99% amino acid 
sequence identity with human mature WISP-1 having the deduced amino acid 
sequence shown in Fig. 9, or a soluble fragment thereof. Such variants 
include, for instance, WISP-1 polypeptides wherein one or more amino acid 
residues are added to, or deleted from, the N- or C-terminus of the full- 
length or mature sequences of Figure 9, or WISP-1 polypeptides wherein one 
or more amino acid residues are inserted or deleted from the internal 
sequence or domains of the polypeptide, including variants from other 
species, but excludes a native-sequence WISP-1 polypeptide. Preferably 
such a variant acts as an antagonist, as defined below. 

An "extracellular domain", «ECD" or "secreted" protein refers to a 
form of a polypeptide which is essentially free of any transmembrane and 
cytoplasmic domains. A "secreted" form of a protein or polypeptide may or 
may not include a signal sequence. 

"Stringent conditions" are those that (1) employ low ionic strength 
and high temperature for washing, for example, 0.015 M sodium 
chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at 50"C; (2) 
employ during hybridization a denaturing agent, such as formamide, for 
example, 50% (vol/vol) formamide with 0.1% bovine serum albumin/0.1% 
Ficoll/0.1% polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 
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Ith 750 IBM sodium chloride, 75 nM sodium citrate at 42''C; (3) employ 50% 
formamide, 5 x SSC (0-75 M NaCl, 0.075 M sodium citrate), 50 mM sodium 
phosphate {pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardf s solution, 
sonicated salmoir sperm DNA (50 pg/ml) , 0.1% SDS, and 10% dextran sulfate at 
42''C, with washes at 42-0 in 0.2 x SSC and 0.1% SDS; or (4) employ a buffer 
of 10% dextran sulfate, 2 x SSC (sodium chloride/ sodium citrate) , and 50% 
formamide at SS'C, followed by a high-stringency wash consisting of 0.1 x 
SSC containing EDTA at 55°C. 

"Moderately stringent conditions" are described in Sambrook et al.. 
Molecular Cloning; A Laboratory Manual (New York: Cold Spring Harbor 
Laboratory Press, 1989) , and include the use of a washing solution and 
hybridization conditions (e.g., temperature, ionic strength, and percent 
SDS) less stringent than described above. An example of moderately 
stringent conditions is a condition such as overnight incubation at 37 "C in 
a solution comprising: 20% formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium 
citrate), 50 mM sodium phosphate (pH 7.6), 5 x Denhardf s solution, 10% 
dextran sulfate, and 20 mg/mL denatured sheared salmon sperm DNA, followed 
by washing the filters in 1 x SSC at about 37-50°C. The skilled artisan 
will recognize how to adjust the temperature, ionic strength, etc., as 
necessary to accommodate factors such as probe length and the like. 

"isolated," when used to describe the various polypeptides disclosed 
herein, means polypeptide that has been identified and separated and/or 
recovered from a coii5>onent of its natural environment. Contaminant 
components of its natural environment are materials that would typically 
interfere with diagnostic or therapeutic uses for the polypeptide, and may 
include enzymes, hormones, and other proteinaceous or non-proteinaceous 
solutes. In preferred embodiments, the polypeptide will be purified (1) to 
a degree sufficient to obtain at least 15 residues of N-terminal or 
internal amino acid sequence by use of a spinning cup sequenator, or (2) to 
homogeneity by SDS-PAGE under non-reducing or reducing conditions using 
Coomassie blue or, preferably, silver stain. Isolated polypeptide includes 
polypeptide in situ within recombinant cells, since at least one^ component 
of the WISP natural environment will not be present. Ordinarily, however, 
isolated polypeptide will be prepared by at least one purification step. 

The term "control sequences" refers to DNA sequences necessary for 
the expression of an operably linked coding sequence in a particular host 
organism. The control sequences that are suitable for prokaryotes, for 
example, include a promoter, optionally an operator sequence, and a 
ribosome binding site. Eukaryotic 'cells are known to utilize promoters, 
polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional 
relationship with another nucleic acid sequence. For example, DNA' for a 
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iesequence or secretory leader is operably linked to DNA for a polypeptide 
if it is expressed as a preprotein that participates in the secretion of 
the polypeptide; a promoter or enhancer is operably linked to a coding 
sequence if it affects the transcription of the sequence; or a ribosome 
binding site is operably linked to a coding sequence if it is positioned so 
as to facilitate translation. Generally, "operably linked" means that the 
DUft sequences being linked are contiguous, and, in the case of a secretory 
leader, contiguous and in reading phase. However, enhancers do not have to 
be contiguous. I.inking is accomplished by ligation at convenient 
restriction sites. If such sites do not exist, the synthetic 
oligonucleotide adaptors or linkers are used in accordance wxth 

conventional practice . i • • j 

A "liposome" is a small vesicle composed of various types of Ixpxds, 
phospholipids and/or surfactant which is useful for delivery of a drug 
(such as the insulin and insulin variants disclosed herein) to a mammal. 
The components of the liposome are commonly arranged in a bxlayer 
formation, similar to the lipid arrangement of biological membranes. ^ 

The terms "amino acid" and "amino acids" refer to all naturally 
occurring L-alpha-amino acids. This definition is meant to include 
norleucine, ornithine, and homocysteine. The amino acids are identified by 
either the single-letter or three-letter designations: 
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Asp 


D 


aspartic acid 


He 


I 


isoleucine 


Thr 


T 


threonine 


Leu 


Ii 


leucine 


Ser 


S 


serine 


Tyr 


Y 


tyrosine 


25 Glu 


£ 


glutamic acid 


Phe 


F 


phenylalanine 


Pro 


P 


proline 


His 


H 


histidine 


Gly 


G 


glycine 


Lys 


K 


lysine 


Ala 


A 


alanine 


Arg 


R 


arginine 


Cys 


C 


cysteine 


Trp 


W 


tryptophan 


30 Val 


V 


valine 


Gin 


Q 


glutamine 


Met 


M 


methionine 


Asn 


N 


asparagine 



in the Sequence Listing and Figures, certain other single-letter or 
three-latter designations may be employed to refer to and identify two or 
more amino acids or nucleotides at a given position in the sequence. 

"Percent (%) amino acid sequence identity" with respect to the 
polypeptide sequences identified herein is defined as the percentage of 
amino acid residues in a candidate sequence that are identical with the 
amino acid residues in such a polypeptide sequence identified herexn, after 
aligning the sequences and introducing gaps, if necessary, to achieve the 
maximum percent sequence identity, and not considering any conservative 
substitutions as part of the sequence identity. Alignment for purposes of 
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#termining percent amino acid sequence identity can be achieved in various 
ways that are within the skill in the art, for instance, using publxcly 
available computer software such as BLAST, BlAST-2, ALIGN, ALIGN-2 or 
•Megalign (DNASTAR) software. Those skilled in the a±t can determine 
5 -appropriate parameters for measuring alignment, including any algorithms 
••needed to achieve maximal alignment over the full-length of the sequences 
.being compared. For. purposes herein, however. % amino acid sequence 
identity values are obtained as described below by using the sequence 
• comparison computer program ALIGN-2, wherein the complete source code for 
10 the M,IGN-2 program is provided in the table below. The ALlGN-2 sequence 
comparison computer program was authored by Genentech. Inc. and.the source 
code shown in the table below has been filed with user documentation xn the 
O S. copyright Office, Washington D.C., 20559, where it is registered under 
0 S copyright Registration No. TXD510087, The ALIGN-2 program is publicly 
15 available through Genentech, Inc., South San Francisco, California or may 
be compiled from the- source code provided in the table below. The ALIGN-2 
program should be compiled for use on a UNIX operating system, preferably 
digital ONIX V4.0D. All sequence comparison parameters are set by the 
ALIGN-2 program and do not vary. 
20 The term "epitope tagged" when used herein refers to a chimeric 

polypeptide comprising a polypeptide fused to a "tag polypeptide". The tag 
polypeptide has enough residues to provide an epitope against which an 
antll>ody can be made. The tag polypeptide preferably also is fairly unique 
so that the antibody does not substantially cross-react with other 
25 epitopes. Suitable tag polypeptides generally have at least six amino acid 
residues and usually between about 8 and 50 amino acid residues 
(preferably, between about 10 and 20 amino acid residues) . 

"as used herein, the term "immunoadhesin" designates antibody-like 
molecules which combine the binding specificity of a heterologous protein 
30 (an "adhesin") with the effector functions of immunoglobulin constant 

domains. Structurally, the immunoadhesins comprise a fusion of an amino 
acid sequence with the desired binding specificity which is other than the 
antigen recognition and binding site of an antibody (i.e., is 
"heterologous"), and an immunoglobulin constant domain sequence. The 
35 adhesin part of an immunoadhesin molecule typically is a contiguous amino 
acid sequence comprising at least the binding site of a receptor or a 
ligand. The immunoglobulin constant domain sequence in the immunoadhesin 
may be obtained from any immunoglobulin, such as IgG-1, IgG-2, IgG-3, or 
IgG-4 subtypes, IgA (including IgA-1 and IgA-2) , IgE, IgD or IgM. 
40 The term "antagonist" is used in the broadest sense, and includes any 

molecule that partially or fully blocks, inhibits, or neutralizes one or 
more biological activities of WISP-1 polypeptide. In vitro, in situ, or in 

t 
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Examples of such biological activities of WISP-1 polypeptides 
.include induction or secretion of HAS2, HA, CD44 or RHAMM in at least one 
type of mammalian cell. An antagonist may function in- a direct or indirect 
manner. For instance, the antagonist may function to partially or fully 
5 block, inhibit or neutralize one or more biological activities of WISP-1 
polypeptide. In vitro, in situ, or ±n vivo, e.g., as a iesult of its direct 
binding to WISP-1 polypeptide . The antagonist may also function indirectly 
to partially or fully block, inhibit or neutralize one or more biological 
activities of WISP-1 polypeptide, in vitro, in situ, or in vivo as a result 
10 of, e.g., blocking or inhibiting another effector molecule. 

The term "WISP-1 antagonist" refers to any molecule that partially or 
fJlly blocks, inhibits, or neutralizes a biological activity of WISP-1 and 
include but are not limited to, antibodies, ^ Immunoadhesins, WlSP-1 
immunoadhesins, WISP-1 fusion proteins, covalently modified forms of WISP-1, 
15 WISP-1 variants and fusion proteins thereof , -WISP-1 antibodies, and higher 
oligomer forms of WISP-1 (dimers, aggregates) or homo- or heteropolymer forms 
of WISP-1. To determine whether a WISP-1 antagonist molecule partially or 
fully blocks, inhibits or neutralizes a biological activity of WISP-1, assays 
may be conducted to assess the effect (s) of the antagonist molecule on, for 
20 example, various cells (as described in the Examples) or in an in vivo murine 
model of lung cancer metastasis. The various assays may be conducted in 
known m vitro or in vivo assay formats. Preferably, the WISP-1 antagonists 
en^loyed in the methods described herein will be capable of blocking or 
neutralizing at least one type of WISP-1 activity, which may optionally be 
25 determined in assays such as described herein. 

The term "antibody" is used in the broadest sense and specifically 
covers, for example, single monoclonal antibodies, antibody compositions 
with polyepitopic specificity, single chain antibodies, and fragments of 
antibodies. "Antibody- as used herein includes intact immunoglobulin or 
30 antibody molecules, polyclonal antibodies, multispecific antibodies (i.e., 
bispecific antibodies formed from at least two intact antibodies) and 
immunoglobulin fragments (such as Fab, F(ab')2, or Fv) , so long as they 
exhibit any of the desired antagonistic properties described herein. 

Antibodies are typically proteins or polypeptides which exhibit 
35 binding specificity to a specific antigen. Native antibodies are usually 
heterotetrameric glycoproteins, coaqposed of two identical light (L) chains 
and two identical heavy (H) chains. Typically, each light chain is linked to 
a heavy chain by one covalent disulfide bond, while the number of disulfide 
linkages varies between the heavy chains of different immunoglobulin 
40 isotypes. Each heavy and light chain also has regularly spaced intrachain 
disulfide bridges. Each heavy chain has at one end a variable domain (Vh) 
followed by a number of constant domains. Each light chain has a variable. 
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^.ain at one ena (V.) and a constant domain at its other end; the co^tant 
domain of the light chain is aligned with the first constant do^xn of the 

Chain, and the light chain va.ia.le do^in is aligned with the va..a.le 
dentin of the heavy chain. Particular a»ino acid -idues are ^el-ed to 
5 fona an interface between the light and heavy chain varxahle do.a.ns LChothxa 
■ et al .7 Mol. Biol. , 186:651-663 (1985); Novotny and Haber, Proc_Natl^ 
Acad "sci. DSA, 82:4592-4596 {1985)]. The light chains of antibodies from 
^T:^;^ s^^cies can be assigned to one of two clearly distinct types . 
a led .appa and la^da, based on the a:«ino acid se^ences of t.ei. _t 
,0 dentins. Depending on the aMno acid sequence of the constant do.axn of 
their heavy chains, in^unoglobulins can be assigned to different classes 
There arelive r^.or classes of in^unoglobulins : XgA, IgD, IgE, XgG and IgM, 
and several of these may be further divided into subclasses (isotypes), e.g., 
IgG-1, IgG-2, IgG-3, and IgG-4; lgA-1 and IgA-2. The heavy chaxn constant 
,5 domains that correspond to the different classes of inuaunoglobulxns are 
called alpha, delta, epsilon, gamma, and mu, respectively. 

"Antibody fragments- comprise a portion of an intact antxbody, 
generally the antigen binding or variable region of the intact antibody. 
Salples Of antibody fragments ^include .ab, .ab-, .(ab.)2, and - 
20- diabodies, single chain antibody molecules, and multispecifxc antxbodxes 
formed from antibody fragments- 

The term -variable" is used herein to describe certain portxons of the 
variable dentins which differ in sequence among antibodies and are used xn 
the binding and specificity of each particular antibody, for xts Partxcular 
the blna g f variability is not usually evenly distributed through 

25 antigen. However, the varxabxixry xs ^^^^^^ in three 

the variable domains of antibodies. It is typically concentrated xn three 
seUts called complementarity determining regions <-Ks, or h^e-arxa^ « 
.e'ons both in the light chain and the heavy ^ ' 

more highly conserved portions of the variable domains - -11^^^^^^^^ 
30 framework (H.) . The variable domains of native heavy and Ixght chaxns 

co^^rise four PR regions, largely adopting a P-sheet configuration, connected 
by three CDRs, which form loops connecting, and in some cases forming part 
Of, the P-sheet structure. The CDRs in each chain are held together in close 
proximity by the TR regions and, with the GDRs from the other chaxn, 
35 !I™e to the formation of the antigen binding site of antibodies Csee 

rb^ K A. e. .X., S,^,,....^^^..-^^ ™^ 
xnstitutes Of Health, Bethesda, .0 (1987,,. The constant ^^^"^"1^^^^^ 
involved directly in binding an antibody to an antigen, but exh^xt varxous 
effector functions, such as participation 6f the antibody in antxbody- 
40 dependent cellular toxicity. 
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W The temv "monoclonal antibody" as used herein refers to an antibody 

* w«i-^r,i-iAilv homogeneous antibodies, i.e., tne 
Obtained fro. a population ^'^J--"^^^^^ except for 

individual antibodies co.prxs.n. ^^^^^^^^^^ 

possible ^--^^^'^-^^''-'''^l''X;Z^^^^ TeL. directed a.ainst a single ' 
. Monoclonal antibodies are ^^^^^ ^^^^^J^^'^^^^^^^ ^polyclonal) 

antigenic site. Furthermore, xn -"^-^^Y,^. different antibodies directed 
antibody preparations which typically xnclude different antx 
antiDoay f f ,^^,fr.r.^st each monoclonal antxbody is 

against different determinants (epitopes) , eacn m 

Class or subclass designation, as well as antiooay ^ ^^^-ivitv or 

Oft Tnc • New York, 1987) • 

Thus, the »o<.«i» .«»ocl<».l- in^-t., .h, ch«.ct« of h. 

-i-K <.v.o oi-esent invention may be made by cne nyuiJ. 
25 be used in accordance with the present in 

.ethod first described by Kohler and Milstein, ^'Jf^J^ 
• .e made by recombinant methods such as ^-ribed^^^^^^^^^^ l^^^^ 
• 4 816 567 The "monoclonal antibodies" may also be isolated P y 

illrirs-generated using the techni^es described in McCafferty et al., 

30 Nature, 348:552-554 (1990). for example. ^.j^^ies are specific 

-Humanized" forms of non-human (e.g. murine) antibodies are P 

Chimeric i^globulins, immunoglobulin chains, or fragments thereof (such 
iHv, .ab, .ab., r(ab.). or other antigen-binding ^^^^^^^^^^^^ 
antHldies which contain minimal sequence derived from non-h^n 
antibodies) h humanized antibodies are human 

35 immunoglobulin. For the mos f ^^^idues from a complementary 

i^unoglobulins (recipient antibody in which residues ..o ^ 
determining region (CDR) of the recipient are replaced by ^ 
Of a non-human species (donor ^^^^^^ ^ Tn 3^—, Fv 

40 framework region (FR) resiau humanized antibody n>ay 

. corresponding non-human residues. Furthermore the h^ani 

comprise residues which are found neither in the recipient anti 
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.L imported CDR or framework sequences. These modifications are made to 
further refine and optimize antibody performance. In general, the humanized 
antibody will comprise substantially all of at least onb, and typically two, 
variable domains, in which all or substantially all of the CDR regions 
correspond to those of a non-human immunoglobulin and all or substantially 
all of the FR regions are those of a human immunoglobulin consensus sequence. 

The humanized antibody optimally also will comprise at least a portion of an 
immunoglobulin constant region or domain (Fc), typically that of a human 
immunoglobulin . 

A "human antibody" is one which possesses an amino acid sequence 
which corresponds to that of an antibody produced by a human and/or has 
^een made using any of the techniques for making human antibodies known in 
the art or as disclosed herein. This definition of a human antibody 
includes antibodies comprising at least one human heavy chain polypeptide 
or at least one human light chain polypeptide, for example an antibody 
comprising murine light chain and human heavy chain polypeptides. Human , 
antibodies can be produced using various techniques known in the art. In 
one embodiment, the human antibody is selected from a phage library, where 
that phage library expresses human antibodies (Vaughan et al. Nature 
Biotechnology . 14:309-314 (1996): Sheets st al. PNAS' (^SA) 95:6157-6162 
(1998)); Hoogenboom and Winter, J. Mol. Biol., 227:381 (1991); Marks et 
al., J. Mol. Biol. , 222:581 (1991)). Human antibodies can also be made by 
introducing human immunoglobulin loci into transgenic animals, e.g., mice 
in which l5he endogenous immunoglobulin genes have been partially or 
completely inactivated. Opon challenge, human antibody production is 
observed, which closely resembles that seen in humans in all respects, 
including gene rearrangement, assembly, and antibody repertoire. This 
approach is described, for example, in O.S. Patent Nos. 5,545,807; 
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following 
scientific publications: Marks et al., Bio/Technology, 10: 779-783 (1992); 
Lonberg et al.. Mature , 368: 856-859 (1994); Morrison, Nature, 368:812-13 
(1994); Fishwild et al.. Nature Biot echnology, 14: 845-51 (1996); 
Neuberger, M;,i-nr^ Biotechnology , 14: 826 (1996); Lonberg and Huszar, 
Intern. Rev. Immunol. , 13:65-93 (1995). Alternatively, the human antibody 
may be prepared via immortalization of human B lymphocytes producing an 
antibody directed against a target antigen (such B lymphocytes may be 
recovered from an individual or may have been immunized In vitro) . See, 
e.g.. Cole et al.. Monoclonal Antibodies a nri cancer Therapy, Alan R. Liss, 
p. 77 (1985); Boerner et al., a. Immunol. , 147 (l):86-95 (1991); and US Pat 



I No. 5,750,373. 

The term "Fc region" is used to define the C-terminal region of .an 
immunoglobulin" heavy chain which may be generated by papain digestion of an 
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^fetact antibody. The Fc region may be a native sequence Fc region or a 
variant Fc region. Although the boundaries of the Fc region of an 
immunoglobulin heavy chain might vary, the human IgG heavy chain Fc region 
is usually defined to stretch from an amino acid residue at about position 
5 Cys226, or from about position Pro230, to the carboxyl- terminus of the Fc 
region (using herein the niambering system according to Kabat et al., 
supra) . The Fc region of an immunoglobulin generally comprises two constant 
domains, a CH2 domain and a CH3 domain, and optionally comprises a CH4 
domain. 

10 By *^Fc region chain" herein is meant one of the two polypeptide 

• chains of an Fc regipn. 

The ^*CH2 domain" of a human IgG Fc region (also referred to as ^^Cy2" 
domain) usually extends from an amino acid residue at about position 231 to 
an amino acid residue at about position 340. The CH2 domain is unique in 

15 that it is not closely paired with another domain. Rather, two N-linked 
branched carbohydrate chains are interposed between the two CH2 domains of 
.an intact native IgG molecule. It has been speculated that the 
carbohydrate may provide a substitute for the domain-domain pairing and 
help stabilize the CH2 domain. Burton, Molec. Immunol, 22: 161-206 (1985), 

20 The CH2 domain herein may be a native sequence CH2 domain or variant CH2 
domain. 

The ''CH3 domain" comprises the stretch of residues C-terminal to a 
CH2 domain in an Fc region (i.e. from an amino acid residue at about 
position 341 to an amino acid residue at about position 447 of an IgG) - 

25 -The CH3 region herein may be a native sequence CH3 domain or a variant CH3 
domain (e.g. a CH3 domain with an introduced ^'protroberance" in one chain 
thereof and a corresponding introduced ''^cavity" in the other chain thereof; 
see US Patent No. 5,821,333). Such variant CH3 domains may be used to make 
multispecific (e.g. bispecific) antibodies as herein described. 

30 ^"Hinge region" is generally defined as stretching from about Glu216, 

or about Cys226, to about Pro230 of human IgGl (Burton, Molec. 
Immunol.22: 161-206 (1985)). Hinge regions of other IgG isotypes may be 
aligned with the IgGl sequence by placing the first and last cysteine 
residues .forming inter-heavy chain S-S bonds in the. same positions- The 

35 hinge region herein may be a native sequence hinge region or a variant 
hinge region. The two polypeptide chains of a variant hinge region 
generally retain at least one cysteine residue per polypeptide chain, so 
that the two polypeptide chains of the variant hinge region can form a 
disulfide bond between the two chains. The preferred hinge region herein 

40 is a native sequence human hinge region, e.g. a native sequence human IgGl 
hinge region. 




A ^Afunctional Fc region" possesses at least one "effector function" 
of a native sequence Fc region. Exemplary ^^effector functions" include Clq 
binding; complement dependent cytotoxicity (CDC); Fc receptor binding; 
antibody-dependent cell-mediated cytotoxicity (ADCC) ; phagocytosis,* down 
5 regulation of cell surface receptors (e.g. B cell receptor; BCR) , etc. 
Such effector functions generally require the Fc region to be combined with 
a binding domain (e.g. an antibody variable domain) and can be assessed 
using various assays known in the art for evaluating such antibody effector 
functions . 

10 A "native sequence Fc region" comprises an amino acid sequence 

identical to the amino acid sequence of a Fc region found in nature. A 
* ^^variant Fc region" comprises an amino acid sequence which differs from 
that of a native sequence Fc region by virtue of at least one amino acid 
modification. Preferably, the variant Fc region has at least one amino 

15 acid substitution compared to a native sequence Fc region or to the Fc 
region of a parent polypeptide, e.g. from about one to about ten amino acid 
substitutions, and preferably from about one to about five amino acid 
substitutions in a native sequence Fc region or in the Fc region of the 
parent polypeptide- The variant Fc region herein will preferably possess 

.20 at least about 80% sequence identity with a native sequence Fc region 
and/or with an Fc region of a parent polypeptide, and most preferably at 
least about 90% sequence identity therewith, more preferably at least about 
95% sequence identity therewith. 

^'Antibody-dependent cell-mediated cytotoxicity" and **ADCC" refer to a 

25 cell-mediated reaction in which nonspecific cytotoxic cells that express Fc 
receptors (FcRs) (e.g. Natural Killer (NK) cells, neutrophils, and 
macrophages) recognize bound antibody on a target cell and subsequently 
cause lysis of the target cell. The primary cells for mediating ADCC, NK 
cells, express FcYRHl only, whereas monocytes express WcyKl, FcyRII and 

30 FcyRIII. FcR expression on hematopoietic cells is summarized in Table 3 on 
page 464 of Ravetch and Kinet, Annu. Rev. Immunol., 9;457-92 (1991). To 
assess ADCC activity of a molecule of interest, an in vitro ADCC assay, 
such as that described in US Patent No.. 5,500,362 or 5,821,337 may be 
performed. Useful effector cells for such assays include peripheral blood 

35 mononuclear cells (PBMC) and Natural Killer (NK) cells. Alternatively, or 
' additionally, ADCC activity of the molecule of interest may be assessed in 
vivo, e.g., in a animal model such as that disclosed in Clynes et al. PNAS 
(PSA) , 95:652-656 (1998). 

**Human effector cells" are leukocytes which express one or more FcRs 

40 and perform effector functions. Preferably, the cells express at least 

FcYRIII and perform ADCC effector function. Examples of human leukocytes 
which mediate ADCC inclucie peripheral blood mononuclear cells (PBMC), 
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^^fetural killer (NK) cells, monocytes, cytotoxic T cells and neutrophils; 
witH PBMCs and NK cells being preferred. The effector cells may be isolated 
from a native source thereof, e.g. from blood or PBMCs as described herein. 

The terms "Fc receptor" and **FcR" are used to describe a receptor 
that binds to the Fc region of an antibody- The preferred FcR is a native 
sequence hioman FcR. Moreover, a preferred FcR is one which binds an IgG 
antibody (a gamma receptor) and includes receptors of the FcyRIr FcyRIIr 
and FcyRIII subclasses, including allelic variants and alternatively 
spliced forms of these receptors. FcyRII receptors include FcyRUA (an 
"activating receptor") and FcyRIIB (an "inhibiting receptor"), which have 
similar amino acid sequences that differ primarily in the cytoplasmic 
domains thereof. Activating receptor FcyRIIA contains an immunoreceptor 
tyrosine-based activation motif (ITAM) in its cytoplasmic domain. 
Inhibiting receptor FcyRIIB contains an immunoreceptor tyrosine-based 
inhibition motif (ITIM) in its cytoplasmic domain (reviewed in Daeron, 
Annu . Rev . Immunol . , 15:203-234 (1997)). FcRs are reviewed in Ravetch and 
Kinet, Annu. Rev. Immunol ., 9:457-92 (1991); Capel et ai., Iromunomethods , 
4:25-34 (1994); and de Haas et al., J. Lab. Clin. Med. , 126:330-41 (1995). 

Other FcRs, including those to be identified in the future, are 
encompassed by the term "FcR" herein. The term also includes the neonatal 
receptor, FcRn, which is responsible for the transfer of maternal IgGs to 
the fetus (Guyer et ai., J, Immunol > > 117:587 (1976); and Kim et al., 
Immunol, , 24:249 (1994)). 

^'Complement dependent cytotoxicity" and ^"CDC" refer to the lysing of 
a target in the presence of complement. The complement activation pathway 
is initiated by the binding of the first component of the complement system 
(Clq) to a molecule (e.g. an antibody) complexed with a cognate antigen. 
To assess complement activation, a CDC assay, e.g. as described in Gazzano- 
Santoro et aJ., J. Immunol. Methods , 202:163 (1996), may be performed. 

An ^^affinity matured" antibody is one with one or more alterations in 
one or more CDRs thereof which result an improvement in the affinity of the 
antibody for antigen, compared to a parent antibody which does not possess 
those alteration (s ) . Preferred affinity matured antibodies will have 
nanomolar or even picomolar affinities for the target antigen. Affinity 
matured antibodies are produced by procedures known in the art, Marks et 
al. Bio/Technoloqy # 10:779-783 (1992) describes affinity maturation by VH 
and VL domain shuffling. Random mutagenesis of CDR and/or framework 
residues is described by: Barbas et al. Proc Nat. Acad, Sci , USA 91:3809- 
3813 (1994); Schier et al. Gene, 169:147-155 (1995); Yelton et al, 
Immunol ■ , 155: 1994-2004 (1995) ; Jackson et al., J. Iimnunol. , 154 (7) :3310-9 
(1995); and Hawkins et al, J. Mol. Biolw 226:889-896 (1992). 
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The term "iinmunospecific" as used in "immxinospecif ic binding of 
antibodies" for example, refers to the antigen specific binding interaction 
that occurs between the antigen-combining site of an antibody and the 
specific antigen recognized by that antibody. 



characterized by unregulated cell growth. Examples of cancer include but 
are not limited to, carcinoma including adenocarcinoma, lymphoma, blast oma, 
melanoma, sarcoma, and leukemia. More particular examples of such cancers 

10 include squamous cell cancer, small-cell lung cancer, non-small cell lung 
cancer, gastrointestinal cancer, Hodgkin's and non-Hodgkin' s lymphoma, 
pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver 
cancer such as hepatic carcinoma and hepatoma, bladder cancer/ breast 
cancer, colon cancer, colorectal cancer, endometrial carcinoma, myeloma 

15 (such as multiple myeloma), salivary gland carcinoma, kidney cancer such as 
renal cell carcinoma and Wilms' tumors, basal cell carcinoma, melanoma, 
prostate cancer, vulval cancer, thyroid cancer, testicular cancer, 
esophageal cancer, and various types of head and neck cancer. The 
preferred cancers for treatment herein include breast cancer, gastric 

20 cancer, lung cancer, colon or colorectal cancer, glioma and glioblastoma. 

The term "prodrug" as used in this application refers to a precursor 
or derivative form of a pharmaceutically active substance that is less 
cytotoxic to cancer cells compared to the parent drug and is capable of 
being enzymatically activated or converted into the more active parent 

25 form. See, e.g., Wilman, "Prodrugs in Cancer Chemotherapy" Biochemical 
Society Transactions, 14, pp. 375-382, 615th Meeting Belfast (1986) and 
Stella efc aJ-, "Prodrugs: A Chemical Approach to Targeted Drug Delivery," 
Directed Drug Delivery, Borchardt et al., (ed,), pp. 247-267, Humana Press 
(1985). The prodrugs of this invention include, but are not limited to, 

30 phosphate-containing prodrugs, thiophosphate-containing prodrugs, sulfate- 
containing prodrugs, peptide-containing prodrugs, D-amino acid-modified 
prodrugs, glycosylated prodrugs, beta-lactam-containing prodrugs, 
optionally substituted phenoxyacetamide-containing prodrugs or optionally 
substituted phenylacet amide-containing prodrugs, 5-f luorocytosine and other 

35 5-fluorouridine prodrugs which can be converted into the more active 

cytotoxic free drug. Examples of cytotoxic drugs that can be derivatized 
into a prodrug form for use in this invention include, but are not limited 
to, those chemotherapeutic agents described below. 



40 inhibits or prevents the function of cells and/or causes destruction of 
cells. The term is intended to include radioactive isotopes (e.g. At^^^, 
ji3i^ ji25^ yso^ Re"S Re^®^ Sm"^, Bi^^^, p32 and radioactive isotopes of Lu) , 
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The terms "cancer", "cancerous", ^^metastasis'' and "malignant" refer 
to or describe the physiological condition in mammals that is typically 



The term "cytotoxic agent" as used herein refers to a substance that 
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^..emotherapeutic agents, and toxins such as small molecule toxins or 
enzymatically active toxins of bacterial, fungal, plant or animal orxgxn, 
including fragments and/or variants thereof. 

A "chemotherapeutic agent" is a chemical compound useful in the 
treatment of conditions like cancer. Examples of chemotherapeutic agents 
include alkylating agents such as thiotepa and cyclosphosphamide 
(CYTOXAN") ; alkyl sulfonates such as busulfan, improsulfan and piposulfan; 
aziridines such as benzodopa, carboquone, meturedopa, and uredopa; 
ethylenimines and methylamelamines including altretamine, 

triethylenemelamine, trietylenephosphoramide, triethylenethiophosphaoramide 
arid trimethylolomelamine; acetogenins (especially bullatacin and 
bullatacinone); a camptothecin (including the synthetic analogue 
topotecan); bryostatin; callystatin; CC-1065 (including its adozelesxn, 
carzelesin and bizelesin synthetic analogues); cryptophycins (particularly 
cry;.tophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the 
synthetic analogues, KW-2189 and CBI-TMI) ,- eleutherobin; pancratistatin; a 
sarcodictyin, spongistatin; nitrogen mustards such as chlorambucil, 
chlornaphazine, cholophosphamide, estramustine, ifosfamide, 
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, 
novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; 
nitrosureas- such as carmustine, chlorozotocin, fotemustine, lomustine, 
nimustine, ranimustine; antibiotics such as the enediyne antibiotics (e.g. 
calicheamicin, especially calicheamicin Yi^ and calicheamicin 6^, see, 
- ^ rH.,. Tni-1. Ed. Engl.. 33:183-186 (1994); dynemicin, including 

dynemicin a; an esperamicin; as well as neocarzinostatin chromophore and 
related chromoprotein enediyne antibiotic chromophores ) , aclacinomysxns, 
actinomycin, authramycin, azaserine, bleomycins, cactinomycin, carabicxn, 
carminomycin, carzinophilin, chromomycins, dactinomycin, daunorubicxn, 
detorubicin, 6-diazo-5-oxo-L-norleucine, doxor,ibicin (including morpholino- 
doxorubicin, oyanomorpholino-doxorubicin, 2'-pyrrolino-doxorubicin and 
deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycxn, 
mitomycins, mycophenolic acid, nogalamycin, olivomycins, peplomycin, 
potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, 
streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolxtes 
35 such as methotrexate and 5-f luorouracil (5-FO) ; folic acid analogues such 
as denopterin, methotrexate, pteropterin, trimetrexate; 't,urine analogs such 
as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine, pyrimidxne 
analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, 
cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-FO; 
40 androgens such as calusterone, ' dromostanolone propionate, epitiostanol, 
• mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, 
mitotane, trilostane; folic a&id replenisher such as frolinic acid;. 
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-Aeglatone; aldophosphamide glycoside; aminolevulinic acid; amsacrine; 
bestrabucil; bisantrene; edatraxate;. defofaiuine; demecolcine; diaziquone; 
elfornithine; elliptiniuiu acetate; an epothilone; etoglucid; gallium 
nitrate; hydroxyurea; lentinan; lonidamine; maytansinoids such as 
maytansine and ansamitocins; mitoguazone; mitoxantrone; mopidamol; 
nitracrine; pentostatin; phenamet; pirarubicin; podophyllinic acid; 2- 
ethylhydrazide; procarbazine; PSK®; razoxane; rhizoxin; sizofiran; 
spirogermanium; tenuazonic acid; triaziquone; 2, 2',2"- 

trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, 
roridin A and anguidine) ; urethan; vindesine; dacarbazine; mannomustine; 
mitobronltol; mltolactol; pipobroman; gacytosine; arabinoside ("Ara-C") ; 
cyclophosphamide; thiotepa; taxoids, e.g. paclitaxel (TAXOL», Bristol-Myers 
Squibb Oncology, Princeton, NJ) and doxetaxel (TAXOTERE*, Rhdne-Poulenc 
Rorer, Antony, France); chlorambucil; gemcitabine; 6-thioguanine; 
mercaptopurine; methotrexate; platinum analogs such as cisplatin and 
"carboplatin; vinblastine; platinum; etoposide (VP-16) ; if osf amide; 
mitomycin C; mitoxantrone; vincristine; vinorelbine; navelbine; novantrone; 
teniposide; daunomycin; aminopterin; xeloda; ibandronate; CPT-11; 
topoisomerase inhibitor RFS 2000; dif luoromethylornithine (DMFO) ; retinoic 
acid; capecitabine; and pharmaceutically acceptable salts, acids or 
derivatives of any of the above. Also included in this definition are 
anti-hormonal agents that act to regulate or inhibit hormone action on 
tumors such as anti-estrogens including for example tamoxifen, raloxifene, 
aromatase inhibiting 4 (5) -imidazoles, 4-hydroxytamoxifen, trioxifene, 
keoxifene, LY117018, onapristone, and toremifene (Fareston) ; and anti- 
androgens such as flutamide, nilutamide, bicalutamide, leuprolide, and 
goserelin; and pharmaceutically acceptable salts, acids or derivatives of 
any of the above. 

A "growth inhibitory agent" when used herein refers to a compound or 
composition which inhibits growth of a cell, either in vitro or in vivo. 
Thus, the growth inhibitory agent is one which significantly reduces the 
percentage of cells overexpressing such genes in S phase. Examples of 
growth inhibitory agents include agents that block cell cycle progression 
{at a place other than S phase) , such as agents that induce Gl arrest and 
' M-phase arrest. Classical M-phase blockers include the vincas (vincristine 
and vinblastine) , taxol, and topo II inhibitors such as doxorubicin, 
epirubicin, daunorubicin, etoposide, and bleomycin. Those agents that 
arrest Gl also spill- over into S-phase arrest, for example, DNA alkylating 
agents such as tamoxifen, prednisone, dacarbazine, mechlorethamine, 
.cisplatin, methotrexate, 5-fluorouracil, and ara-C. Further information 
can be found in The Molecular Basis of Cancer, Mendelsohn and Israel, eds.. 
Chapter 1, entitled "Cell cycle regulation, oncogens, and antineoplastic 
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ugs" by Murakaxai et al. (WB Saunders: Philadelphia. 1995), especially p. 

The term -cytokine- is a generic term for proteins released by one 
cell population which act on another cell as intercellular mediators 
5 Examples of such cytokines are lymphokines, monokines, and tradxt.onal 
polypeptide hormones. Included among the cytokines are growth hormone such 
as human growth hormone, N-methionyl human growth hormone, and bovxne 
growth hormone; parathyroid hormone; thyroxine; insulin; proinsul.n; 
relaxin; prorelaxin; glycoprotein hormones such as follicle stimulatxng 
,0 hormone (FSH,., thyroid stimulating hormone (TSH, , and luteinizing hormone 
(LH); hepatic growth factor; fibroblast growth factor; prolactin; placental 
lactogen; tumor necrosis factor-a and -P; Apo-2 ligand (also referred to as 
TRAIL); mullerian-inhibiting substance; mouse gonadotropin-'associated 
peptide; inhibin; activin; vascular endothelial growth factor; integrxn; 
,5 thrombopoietin (TPO) ; nerve growth factors; platelet-growth factor; 
transforming growth factors (TGFs) such as TGF-a and TCr-P; insulin-like 
• growth factor-I and -II; erythropoietin (EPO) ; osteoinductive factors; 
interferons such as interferon-a, -p, and. -gamma; colony stimulating 
factors (CSFs) such as macrophage-CSF (M-CSF) ; granulocyte-macrophage-CSF 
20 (GM-CSF); and granulocyte-CSF (G-C5F) ; interleukins (ILs) such as ^I-l, X^" 
2, IL-3, II.-4, II.-5, II.-6, IL-7, II.-8, IL-9, IL-ll, IL-12; and other 
polypeptide factors including LIF and kit ligand (KL) . As used herexn, the 
■ term cytokine includes proteins from natural sources or from recombinant 
cell culture and biologically active equivalents of the native sequence 

25 cytokines- . ^ ^. 

-Treatment- is an intervention performed with the xntentxon of 
preventing the development or altering the pathology of a disorder 
Accordingly, "treatment- refers to both therapeutic treatment and 
prophylactic or preventative measures, wherein the object is to prevent 
30 Slow down (lessen) the targeted pathological condition or disorder. Those 
in need of treatment include those already with the disorder as well as 
those in which the disorder is to be prevented. In treatment of a 
disorder, a therapeutic agent may directly decrease or increase the 
magnitude of response of a pathological component of the disorder, or 
35 render the disease more susceptible to treatment by other therapeutic 
agents, e.g. antibiotics, antifungals, anti-inflammatory agents, 

chemotherapeutics, etc. mt<?p-t 
The term -effective amount- is the minimum concentration of WISP 1 
antagonist which causes, induces or results in either a detect b 
• 40 improvement or reduction of a pathological condition. In a method of 
treating cancer, an effective amount is one which ^""^^^^rJl 
results in reduction of cancer cell n^er or tumor volume. Furthermore 
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Jherapeutically effective amount" is the minimum concentration (amount) of 
WISP-1 antagonist administered to a mammal which would be effective xn at 
least attenuating a pathological symptom. 

-Chronic" administration refers to administration of the factor (s) xn 
5 a continuous mode as opposed to an acute mode,, so as to maintain the 
• initial therapeutic effect (activity) for an extended period of txme. 
"intermittent" administration is treatment that is done not consecutively 
without interruption, but rather is cyclic in nature. 

"Mammal" for purposes of treatment refers to any animal classified as 
10 a mammal, including humans, domestic and farm animals, and zoo. sports, or 
pet animals, such as dogs, horses, cats, cattle, pigs, hamsters, etc. 
Preferably, the mammal is hximan. 

Administration "in combination with" one or more further therapeutic 
agents includes simultaneous (concurrent) and consecutive administration in 
15 any order. 

-carriers" as used herein include pharmaceutically acceptable 
carriers, excipients, or stabilizers which are nontoxic to the cell or 
mammal being exposed thereto at the dosages and concentrations employed 
Often the physiologically acceptable carrier is an aqueous pH buffered 

20 . solution. Examples of physiologically acceptable carriers include buffers 
such as phosphate, citrate, ^and other organic acids; antioxidants including 
ascorbic acid; low molecular weight (less than about 10 residues) 
polypeptide; proteins, such as serum albumin, gelatin, or immunoglobulins; 
hydrophilic polymers sUch as polyvinylpyrrolidone; amino acids such as 

25 glycine, glutamine, asparagine, arginine or lysine; monosaccharides, 
disaccharides, and other carbohydrates including glucose, mannose, or 
dextrins; chelating agents such as EDTA; sugar alcohols such as mannxtol or 
sorbitol; salt-forming- counterions such as sodium; and/or no^cnic 
surfactants such as TWEEN«, polyethylene glycol (PEG), and PLORONICS , 

30 hyaluronic acid (HA) . 
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II. Methods and Coii5>ositions of the Invention 
AS described further .in the Examples below. Applicant has 
surprisingly found that ectopic expression of WISP-1 in fibroblasts 
triggered HA production, namely increased HA production induced xts 
accumulation at the cell surface and in the culture media. It is believed 
that cell surface HA can enhance anchorage-independent growth and 
tumorigenicity (KosaKi .t al.. Cancer Res., 59:1141-1145 (1999)) and may 
diminish contact inhibition of cell proliferation, thereby promoting cell, 
migration (Ichi.awa et al., ,T. Invest. Dermatol., 113:935-939 (1999); Itano 
et al ^°ad. Sci. , 99:3609-3614 (2002)). Hyaluronan coat 

formation has also been correlated with cellular metastatic potential 
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Hhang et al.. Cancer Res. , 55:428-433 (1995); Toole et al., J- Biol, . 
Chem. , 277:4593-4596 (2002)). Analysis of HA synthases (HASl, HAS2, and 
HAS3) expression revealed that WISP-1 promoted HAS2 induction whereas HASl 
and HAS3 mRNA levels remained unchanged. HAS2 is the main target of growth 
5 factor and cytokine up-regulated HA synthesis (Pienimaki et al., J. Bxol, . 
Chem. , 276:20428-20435 (2001)). Ectopic expression of HAS2 increases HA 
secretion and induces hyaluronan coat formation (Kosaki et al., suera) . 
Moreover. HAS2 is believed to be important for hyaluronan-mediated 
transformation of epithelium to mesenchyme during cardiac morphogenesis 
10 (Camenisch et al., -t. Clin. Invest.. 106:349-360 (2000))-. Because 

epithelial to mesenchymal transition is also important for tumor invasion 
and metastasis, HAS2 is postulated to play an important role in epithelxal 
tumor progression (Boyer^ et al., Biochem. Pharmacol., 60:1091-1099 (2000); 
Hay, Acta Anat. , 154:8-20 (1995); Arias, Cell, 105:425-431 (2001)). These 
IS results indicate that HA secretion induced by WISP-1 may be important for 
tumor invasion and metastasis. 

WISP-1 also induced the expression of two HA receptors, CD44 and 
RHAMM. By inducing HA receptor expression and increasing HA production, 
WISP-1 may activate an autocrine and/or paracrine loop. Hyaluronan 
20 interaction with CD44 and RHAMM promotes cell locomotion and proliferation 
in vitro and tumor growth and metastasis in vivo (Turley et al., J. Biol. 
Chem. , 277:4589-4592 (2002); Sy et al., Curr. Top. Microbiol. Immunol. , 
213:129-153 (1996); Hall et al., J. Meurooncol., 26:221-229 (1995)). 

The effects of WISP-1 on cell migration was analyzed in a cell wound 
25 healing assay and by time lapse microscopy, and the data showed that WISP-1 
expression promoted cell motility. Further, isolated cells showed 
increased migration suggesting that WISP-1 could act through an autocrine 
mechanism. Purified recombinant WISP-1 promoted HAS2 and CD44 expression, 
■ though, when attached to a surface. This induction was further increased 
30 when WISP-1 was tethered through its interaction with decorin. Similarly, 
WISP-1 promoted cell motility when surface bound, suggesting that WISP-1 
• may also act through a paracrine mechanism when tethered to a substrate. 
The Examples herein show that WISP-1 induced cell motility was mediated by 
CD44, by abolishing migration with an anti-CD44 antibody. WISP-1 induced 
35 cell motility was also inhibited by WISP-1 antibodies. Moreover, WISP-1 

haptotactic activity was not restricted to a single cell type as it induced 
both normal fibroblast and colon adenocarcinoma cell migration. 

Because WISP-1 is believed to be a Wnt-1 downstream effector, the 
C57MG/Wnt-1 cell line was analyzed for phenotypes found in NRK/WISP-1 
40 cells, consistent with a role for WISP-1 downstream of Wnt-1, C57MG/Wnt-1 
cells overexpressed HAS2 and CD44 and had higher CD44 protein content 
compared to the parental cell line. In addition, C57/Wnt-1 cells 
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%ontaneously scattered in culture and demonstrated a de-differentiated 
spindloid morphology similar to NRK/WISP-IH cells - 

Expression analysis was also performed on a group of MMTV-Wnt-1 
mammary tumors, and elevated CD44 and HAS2 expression was detected in all 
5 mammary tumors from the MMTV-Wnt-l transgenic mice. In these tuiftors, WISP- 
1 expression was localized to the stromal fibroblasts whereas CD44 and HAS2 
were expressed by tumor epithelial cells. Although negative for ■HAS2 
expression, the peritumoral stroma contained high levels of HA whereas the 
tumor parenchyma stained only weakly for HA. Although it is generally 
10 accepted that fibroblasts are responsible for HA production, the origxn of 
stromal HA is not definitely known. Because HAS2 expression was found only 
in the parenchyma, the experimental results disclosed herein suggest that 
the\umor cells are responsible for the HA synthesis and deposition in the 
stroma. Hyaluronan accumulation in the peritumoral stroma is frequently 
15 encountered in several tumor types and was previously reported for ovary, 
breast, prostate and colon adenocarcinomas (Ropponen et al.. Cancer Res. , 
58:342-347 (1998); Lipponen et al., Eur. J. Cancer, 37:849-856 (2001); 
Auvinen et al.. An.. J. Pathol. , 156:529-536 (2000); Anttila et al-. Cancer 
Res., 60:150-155 (2000)). Moreover, a high stromal level of HA was 
20 associated with poor differentiation, metastatic behavior and unfavorable 
prognosis . 

Because HA and CD44 are associated with tumor invasion, the 
metastatic potential of WISP-1 expressing cells was evaluated in vivo. 
After tail inoculation, NRK/WISP-1 cells readily colonized the lungs of 
25 ' injected mice and formed invasive tumors. NRK/WlSP-1 cells exhibited a 
significant metastatic potential while NRK cells did not. Histological 
observation revealed that NRK/WISP-1 cells populated the vasculature and 
invaded the pulmonary airways. The lung colonization was proportional to 
the number of cells injected, the time after injection and the WISP-1 
30 expression. In addition. Applicant found the metastatic potential to be 

proportional to CD44 and HAS2 expression levels, and the treatment of mice 
inoculated with NRK/WISP-IH cells with CD44 antibody or WISP-1 antibody 
greatly diminished the number and size of the tumors in the lung. Thus, it 
• is likely that levels of WISP-1 promoted lung colonization through a 
35 hyaluronan-CD44 mechanism. This is consistent with previous/ reports 

demonstrating the importance of CD44 and its interaction with HA for tumor 
growth, metastasis and the retention of metastatic cells to the lung 
vasculature (Sy et al., suera; Kogerman et al., Pror. Natl. Acad. Sex, ., 
'94:13233-13238 (1997)). 
40 Although activation of the Wnt pathway by APC or p-catenin mutations 

may typically. be associated with colorectal cancer, several lines of 
evidence suggest that it also plays a role in other types of cancer 
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Ricluding mammary adenocarcinoma (Polakis, Genes Dev. ^ 14:1837-1851 (2000); 
Brown, Breast Cancer Res. , 3:351-355 (2001)). APC truncation and increased 
p-catenin levels were found in human breast cancer cell lines (Schlosshauer 
et al.. Carcinogenesis , 21:1453-1456 (2000)). Somatic mutations of the APC 
5 gene were found in primary breast cancers (Furuuchi et al.. Am. J. Pathol., 
156:1997-2005 (2000)). In addition, p-catenin activating mutations promote 
mouse mammary adenocarcinomas Michaelson et al.. Oncogene / 20:5525-5532 
(2001)). Elevated levels of Wnt-1 and p-catenin were found in invasive 
ductal breast carcinomas and correlated with poor prognosis (Lin et al., 
10 Proc, Natl. Acad. Sci. , 97:4262-4266 (2000)). It is therefore possible 
that WISP-1 expression found in certain breast adenocarcinomas resulted 
from Wnt pathway activation. Applicants have also found, by Taqman 
analysis, that WISP-1 is overexpressed in cancers such as breast and glial 
tumors . 

15 ' For at least these reasons, it is believed that WISP-1 antgonists will 

be particularly useful in treating and diagnosing various pathological 
disorders, such as cancer. The present invention accordingly provides 
methods for modulating, blocking or neutralizing , WISP-1 activity in mammalian 
cells which comprise exposing the cells to a desired amount of WISP-1 

20 antagonist. Preferably, the amount of WISP-1 antagonist employed will be an 
amount effective to reduce or inhibit cancer cell growth, metastasis or 
motility. This can be accomplished in vivo or ex vivo in accordance, for 
instance, with the methods described below and in the Examples. Exemplary 
conditions or disorders to be treated with such WISP-1 antagonists include 

25 conditions in mammals clinically referred to as cancer. 

Diagnostic methods are also provided herein. For instance, the 
antagonists may be employed to detect invasive or metastatic cancers. The 
antagonist molecule may be used, e.g., in assays to detect or quantitate 
metastatic cancer cells in a sample. A sample, such as cells obtained from 

30 a mammal, can be incubated in the presence of a labeled antagonist, and 
detection of the labeled antagonist bound in the sanqple can be performed. 

The antagonists which can be employed in the methods include, but are 
not limited to, WISP-1 immunoadhesins, fusion proteins comprising WISP-1, 
covalently modified forms of WISP-1, WISP-1 variants, fusion proteins 

35 thereof, and WISP-1 antibodies. Various techniques that can be employed 
for making the antagonists are described herein. For instance, methods and 
techniques for preparing WISP-1 polypeptides are described. Further 
modifications of the polypeptides, and antibodies to WISP-1 are also 
described. 

40 In addition to the full-length native sequence WISP-1 polypeptide 

described herein, it is contemplated that WISP-1 polypeptide variants can 
be prepared. WISP-1 variants can be prepared by introducing appropriate 

30 
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nucleotide changes into the encoding DMA, and/or by synthesis of the 
desired polypeptide. Those skilled in the art will appreciate that amino 
acid changes may alter post-translational processes of the WISP-1 
polypeptide, such as changing the number or position of glycosylation sxtes 
oi altering the membrane anchoring characteristics. 

Variations in the WlSP-1 polypeptides described herein, can be.made, 
for example, using any of the techniques and guidelines for conservative 
and non-conservative mutations set forth, for instance, in U.S. Patent No. 
5,364,934. Variations may be a substitution, deletion or insertion of one 
or more codons encoding the polypeptide that results in a change in the 
amino acid sequence as compared with the native sequence polypeptide, 
optionally the variation is by substitution of at least one amino acid with 
any other amino acid in one or more of the domains of the WISP-1 
polypeptide. Guidance in determining which amino acid residue may be 
inserted, substituted or deletdd without adversely af f ecting . the desired 
activity may be found by comparing the sequence of the WISP-1 polypeptide 
with that of homologous known protein molecules and minimizing the number 
of amino acid sequence changes made in regions of high homology. Amino 
acid substitutions can be the result of replacing one amino acid with 
another amino acid having similar structural and/or chemical properties, 
such as the replacement of a leucine with a serine, i.e., conservative 
amino acid replacements. Insertions or deletions may optionally be xn the 
range of about 1 to 5 amino acids. The variation allowed may be determined 
by systematically making insertions, deletions or substitutions of amino 
acids in the sequence and testing the resulting variants for activity 
exhibited by the full-length or mature native sequence. 

WISP-1 polypeptide fragments are provided herein. Such fragments may 
be truncated at. the N-terminus or 6-terminus, or may lack internal 
residues, for example, when compared with -a full length native protein, 
certain fragments lack amino acid residues that are not essential for a 
desired biological activity of the WISP-1 polypeptide. 

WISP-1 polypeptide fragments may be prepared by any of a number of 
conventional techniques. Desired peptide fragments may be chemically 
synthesized. An alternative approach involves generating polypeptide 
fragments by enzymatic digestion, e.g., by treating the protein with an 
enzyme known to cleave proteins at sites defined by particular amino ac.d 
residues, or by digesting the DNA with suitable restriction enzymes and 
isolating the desired fragment. Yet another suitable technique involves 
isolating and amplifying a DNA fragment encoding a desired polypeptide 
fragment, by polymerase chain reaction (PGR). Oligonucleotides that define 
the desired termini of the DNA fragment are employed at the 5* and 3- 
primers in the PCR» 
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- in particular embodiments, conservafive substitutions of interest are 
shown in the Table below under the heading of preferred substxtutxons . 
uTsubstitu^ions result in a change in biological -^-"^^ then .ore 
substantial changes, deno^nated exe^lary substitutions .n the Table, or 
as further described below in reference to amino acd classes, are 
introduced and the products screened. 

Table Preferred 
original Exemplary ..,„bstitutions 
Residue Sjibstitutions . „ 



10 , .1 val 

Ala (A) val; leu, ile 

Arg (R) ly^' 91"'- ^^'^ 

gin; his; lys; arg « 



Asn (N) 

Asp (D) gi'i 



glu 
ser 



15 Cys (C) • 



Gin (Q) 
Glu (E) 
■Gly (G) 
His (H) 



asp 
ala 



asn; gin; lys; arg 
20 lie (I) 

norleucine 
,T\ norleucine; ile; val; 

Leu 

s. met; ala; phe 

Lys (K) ^^9' 9^"' ^^"^ 

Met (M) ^ • .1^"' P^^'- 

pu^ leu; val; ile; ala; tyr leu 

ala 

.Pro (P) 
Ser (S) .^^^ 



ile 
arg 
leu 



25 
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thr 
ser 
tyr 

trp; phe; thr; ser P^® 



leu 
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*Thr (T) 

Trp <W) tyr; phe 

Tyr (Y) 

*ile; leu; met; phe; 
ala; norleucine 

.^«3„ti.l Edification. i» function or ^''^'^^J'^'^^Zl 

ai«„ ,i,ni«»..i, in .H,i. » ^■f;™, - . 

the polypeptide backbone in the area of the substitut ^ ^. i^hB 

tne poxyt^sv ^harae or hydrophobxcity of the 

. . u^umI conformation, (b) the charge ui. j «- 

sheet or helxcal conx . , , . . ^ .f the side chain. Naturally 

properties : 
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}, hydrophobic. „orle»cine, »«, 
(2) neutral hydrophilio= cys, s.r, thr; 

{3) acidic: asp, glu; 

m basic; a.n, gl», hi'. IV- «9' , . 

,s, resid... that infl-enc. chain ori.nt.tion. ,ly. pro; and 

tr—r tr,»b::t:.» ait. o. ..arabi. 

.nto th. r».in^, j::;!' ^tr.ethod, ,cno„n in the art such a,. 

Th. -""^ .rite ^racteai mutagenesis, alanine s^'^'^. 
olisonucleotide-»ediated (site dite a,..,!.. Acids 

PCB .»ta,e„.sis. Site-directed .utagenesiS <^"« « ^TTTi;;;^ 
..s., 13-331 zollar et al., fi-J^^^;,,^, , „3triction 

— tte mutagenesis Iw.ll. et .1., ' 
selection »,tag«.=sis tKalls at al.. ^Uo.. ''""J^ ^ ^,„„^ 
317 = 415 <1986„ or oth»c ta.-n tachnigues can be performed 

- - — '■"^ra^dTnrirrr: \etpioy.d to idantl., one or 

scanning amino acid analysis preferred scanning 

=.ir,r.f. a contiguous sequence. Among ttie preiet 
„re amino acids along a contigu ^ 

^o acids are "t ^^^^ne. «.hine is typically a 

include '^^'^■.J'-^^^^Z Z^ ,hi,%xoup because it eliminates the 
preferred acuming amino acid g ^^^^ 

• aida-chaih ba,o«. ^ ;r„in;hi: and Well.. s_^. 

ehain conformation of the ' hecause it is th. most 

loes .i»s,„. ^riT-^""' - ""^-^ 

coiBmon amino acid. Further, it; Freeman & Co., 

.posed .osit^hs CCreigh- _ 

Chothia, J,.Mol._Biol., J 3^,.^ be used. 

0 yield ade<^ate amounts of varian. an xsot ^^^^^^^^^^^ ,,.per 

Any cysteine residue not involved ^^^^ituted, generally 

4^ wiSP-1 polypeptide also may be substitute 

conformation of the WISP i P ^ , L.ntv of the molecule and prevent 

• "-r r;r„::T.r '^£^.» ,:^^':„". = 

polypeptides by culturing cells transformed ^^^^^^^ 
^ . , „«lvoeDtide-encoding nucleic acid. it is, 

containing ^^^^^^^ „,,eh are wall .».o», in th. art. ma, 

contemplate, that •"."•t'- ^„ ^,,n=., th. appropriate 

« be employed to ^'^^"J^'IH ^L.. may be produce, by direct peptide 
. amino acid '^^^'^^'^'ll^^, ste^rt et ,1.. -ii- 

synthesis using solid phase t 
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Peptide syn thesis, W.H. Freeman Co., San Francisco, CA (1969); 
Trrifieia, aj tZ^^, (1963),. Xn vitro protean 

synthesis .ay be performed using n^nual techniques or by - 
Auton^ted synthesis raay be accomplished, for instance, us.ng an Applied 
5 Biosystems Peptide Synthesiser (Foster City, CA) usin. — ™; 
instructions. Various portions of the WISP-1 polypeptxde :nay be -^---^^^ 
synthesized separately and confined using chemical or enzy^tic ^^^^^Jj 
pLuce the desired WXSP-1 polypeptide. The n^ethods and technxques 
described are sin^larly applicable to production of WISP-1 variants, 
10 modified forms of WISP-1 and WISP-1 antibodies. 

1 T...olation of "TJA Encoding WTSP-1 Polypeptide 
DNA encoding WISP-1 polypeptide may be obtained from a cDNA library 
. prepared from tissue believed to possess the WISP-1 polypeptide mR«A and to 
Lpress it at a detectable level. Accordingly, human WISP-1 polypeptide 
15 ol can be conveniently obtained from a cDKA library ^^"^ 
■ tissue. The WISP-1 polypeptide-encoding gene may also be obtained from a 
genomic library or by Icnown synthetic procedures (e.g., automated nuclexc 

acid synthesis). . 
. Libraries can be screened with probes (such as oligonucleotxdes of at 
20 least about 20-80 bases) designed to identify the gene of i-^erest or the 
protein encoded by it. Screening the cDKA or genomic Ixbrary wxth the 
selected probe may be conducted using standard procedures, such as 
■ described in SanOiroo. et al.. Mn1orn1ar Cloning: A Laboratory Manual («ew 

yorlc: cold Spring Harbor Laboratory Pr 1989) . An alternatxve means to 

2S iloLe the 'gene encoding WXSP-1 polypeptide is to use - 

ISambrook et al., s^; Dieffenbach et al., prp Pr.mer: A Laboratory 
Manual (Cold Spring Harbor Laboratory Press, 1995)]. 

• Techniques for screening a cDNA library are well known xn the art 

The oligonucleotide sequences selected as probes should be of - suf f xcient 
30 length and sufficiently unambiguous that false positives are mxnxmxzed. 
roligonucleotide is preferably labeled such that it can 

hybridization to OHA in the library being ' screened. ™ ^/^^^^ 
are well Icnown in the art, and include the use of radxolabels Ixke P 
labeled ATP, biotinylation or enzyme labeling. Hybridization condxtxons, 
35 -rduding m:derate stringency and high stringency, are provided in Sambrook 

et al-r supra . , 

sequences identified in such library screening -^^^^^/^'^ 
con^ared and aligned to other known sequences deposited and available - 
public databases such as GenBank or other private sequence ^^^^^^^^ 
40 sequence identity (at either the amino acid or nucleotide level) wxthxn 
defined regions of the molecule or across the full-length sequence can be 
determined using methods known in the art and as described herein. 
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^ «ucleic acid having protein coding sequence iaay be obtained by 
screening selected cD^«V or ^genomic libraries using the deduced ^^"^ 
sequence disclosed kerein for the first ti.e. and, if necessary, usxng 
conventional primer .extension procedures as described in SanO^rook et al., 
Cra, to detect precursors and processing intermediates of r^^ that may 
•not have been reverse-transcribed into cDNA. 

2 R.:>lection and Transfo rmation of Host Cells 

Host ceils are transfected or transformed with expression or cloning 
vectors described herein for WISP-1 polypeptide production and cultured in 
conventional nutrient media modified as appropriate for inducxng promoters 
selecting transformants, or amplifying the genes encoding the des.red 
sequences. The culture conditions, such as media, temperature, pH and the 
like, can be selected by the skilled artisan without undue experxmentation. 

in general, principles, protocols, and practical techniques for -ximxzxng 
the productivity ' of cell cultures can be found in MaWxan Cell 
....L....... a practical ^PB^, M. Butler, ed. (IBI. Press, 1991) and 

Sambrook et al., supra. 

Methods of eukaryotic cell transfection and prokaryotxc cell 
transformation are known to the ordinarily skilled artisan for example 
.0 -caci. capo., liposome-mediated and electroporation. -^^^^"^ ^^^^^^J^^ 
cell used, transformation is performed using standard technxques 
appropriate to such cells. The calcium treatment employing calcxum 
chLLe, as described in Sa^^rook et al., su^ra, or electroporatxon xs 
generally used for prokaryotes. Infection with Agrobacteriu. ..u.sfao.ens 
25 is used for transformation of certain plant cells, as described by Shaw et 
al Gene, 23:315 (1983) and WO 89/05859 published 29 June 1989. For 
. :^l7;r cTlls Without such cell walls, the calci^ P-sphate 
precipitation method of Graham and van der Eb, Virology, 52:456-457 (1978) 
L L employed. General assets of ^^^J^^^t,^ 
transfections have' been descrxbed xn O.S. Patent No. , 

. ..»a«4- are tvoicallv carried out accordxng to the 
Transformations into yeast are typxcaxxy c ^ „ • al 
method of van Solin^en et al., J^^act., 130:946 (1977) and Hsxao et al 
rl .cad. Sci. (US^> 76:3829 (1979). However, other methods for 
■ ^- cells, such as by nuclear microxn^ectxcn, 
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introducing DNA into cells, sucn as oy - 
35 electroporation, bacterial protoplast fusion with xntact cells, 
^lycations, -e.g., polybrene, polyomithine, may also be «sed .or var 
Techniques for transforming ma^alian cells, see Keown et al., 
5,,,,^, 185:527-537 (1990) and Mansour et al., liature, 336.348 

40 ''''''suitable host cells for cloning or expressing the in the vectors 

herein include prokaryote, yeast, or higher eukaryote cells. Suxtable 
prokaryotes include " but are not limited to eubacteria, such as Gram- 

35 
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illative or Gra.-positive organises, for exan^le, Enterobacteriaceae such 
1! B coli various coli strains are publicly available, such as B 

as B. coxi. v-mfi f.aTrC 31. 537); B. colx 

• coli K12 strain MM294 (ATCC 31,446); E. coli X1776 CATCC 31,53 

coii rvx^ znTrr 53 635) . Other suitable 

strain W3110 (ATCC 27,325) and K5 772 (ATCC 53,635) 

prokaryotic host cells include Enterobacteriaceae such as ^-^-""^^^ ' 
•eg., E. coll. Enterobact^r, ■ Erwxnx^, Klebsiella, Prote 
e.g., a. • ^- ^ „ <;i»ri-at:ia jnarcescans, and 

Salmonella typhimurlvm, Serratxa, e.g.. Serrataa ma 

as wen as Bacilli such as B. -^^-^^^2 
(eg., B. licheni^oz^is 41P disclosed in DD 266,710 publxshed 12 Apr.l 
Pseudco^as such as P. aeruginosa, and 5trep„. --^ J^f ^ 
are illustrative rather than limiting. Strain W3110 is J-J-^^'j^ 
preferred host or parent host because it is a cororaon host strain for 
: ::rnant. ... product „ations. Preferably, the ^l;^:^^ 
.ini.al amounts of proteolytic en.y^es. .or e««^le, ^^"^^'^l^Z 
modified to effect a genetic mutation in the genes encoding prote.ns 

7 the host with examples of such hosts including B. colx W3110 

endogenous to the host, witn examp ^^^^ 

strain 1A2, which has the co««>lete genotype tonA , E. colx ^3 

. ..««v.,r,« tanA Dtr3; E. colx W3110 straxn 27C7 
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9E4, which has the complete genotype tonA ptr3; , , ,,,„n.. 

(ATCC 55,244), which has the complete genotype tonA ptr3 phoA E15 . (argF 
Znsl J o... .an. coli W3110 strain 3706, ^ ^ ^ 

genotype tonA ptr3 phoA ^15 rargF-lac; 1^9 degP o.pT ^^^^ ' 
rH SllO strain 40B4, which is strain 3706 with a non-.anamycxn resxstant 
; deletion mutation, and an coli strain having -- ---- 

prLase disclosed in O.S. Patent «o. 4,946,783 issued 7 -^-^/^^^^ 
Lernatively, in vitro methods of cloning, e.g., PCK or other nucle.c ac.d 
iDOlvmerase reactions, are suitable. 

^ x» aaait.o„ to p.oK,r,otes, eu.„yoUo ^»cb,s ,uc. a, ™to. 
Ju„»l or y.a=t .« -ital.1. clonl., or .«pre.alon hct, for »ISP 1 

To^ l>»ryotl= host ^croor,.r.is.. oth.ra inca«<le .chi.osacch.ro»yce. 
iower Buiioxy riQfttI- EP 139,383 published 2 May 

pc«,jbe (Beach and Kurse, Nature, 290: 140 [1981], EP 139, J P 

u 4.» /n q patent No. 4,943,529; Fleer et al., 
1985); Kluyveroinyces hosts (O.S. Patent (m„98-8C, 

t- 1 Q.Qfift-q75 (1991)) such as, e^g., iaczj.s 

B io/Technology , 9.968 975 (1991)) 154 (2) :737-742 [1983]), 

CBS683, CBS4574; Louvencourt et al., J, Bacterxox ,atCC 
K fragilis (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. .iciceramil (ATCC 
24," r K. waltii (ATCC 56,500), K. drosophilarum (ATCC 36,906; Van den 
. ^ ■, a. 1^1 fl990)). K. thezmotolerans, and K. 

R»rn et al., wi o/Technology , 8:135 

/ ,PP 402 226) • Plchia pastorls (EP 183,070; Sreelcrashna 

et al., J^ .ic mcrob.ol. _, ^« ^^^^ _ ^ J .... ..m , .cad. Sci. 

reesia (EP 244,234); Weurospora crassa (Case et aJ.., _2 

OSA 6-5259:5263 C19793); 5ch.annio.yces such as Schwann.omyces 
S'iJtans (HP 394,538 published 31 October 1990); and filamentous fungx 
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o^bllshea 10 January and «porglll». host, such a. A. natulan, 

CuaL ax.. ~ exopnys. ^a.^^.^^^-^^'--;; '3' 

L OSA 81- 1470-1474 119841) and A. nlger (Kelly and Hyn... BSS^. 

1 85,,. Hethylotrdplc yeaats ara aulta.l. herein and include. 
; are nol lifted «. ya.at capa,^. .ro«h on 
th. ,e„era consisting of a».a«.ul.. ""Oi-- 

«ochar..ycas, rcr„l<^ia, ^ 'T^'Zl 
that are .x««.l.ry of this claaa of yeaata »y b. found .n o. Anthony. The 

■.<onh«ri.strv "' M.I-h»lotroohs. 269 (1982). 

s„ltabla host cells for the expression of glycosylated WISP 1 

polypeptide are derived fro. ^Iticellular organises. K«^l« of 
Invertebrate cells include insact calls such as Dr.soph.la S2 and 
,5 Spodopter. Sf 9. a, -.11 a. plant calls, such as cell cultures of cotton 
potato, soyhaan. petunia, tomato, and tobacco Hu^.cus b.culov.ral 
strains and variant, a»i corresponding permissive rnsact host '-"^^"^ 
hosts -such a, *od^eera frugiparda (catarpillar, . Aedas aeg^t. 
...osguito,. .ac^s alb^ictus .^sguitC. -^"^^Xl 
ao (fruitfly,. and Bchyx .ori have bean identified. ^^""1" "^^^ ^^ 
strains for tr.nsfecticn .r, publicly available, e.g.. the variant of 

.utographa cali/ornic, »PV ^ th, strain of -ori »PV and su^ 

viruLs „y b. used a, th. virus herein according to the present rnvent.on. 
. particularly for tran.fection of Spodoptera /raglperda cells 
„ However, interest has been greatest in vertebrate cells, and 

propagation of vertebrate cells in culture .tiasu. culture, has bec»» a 
ro^ne procedure. Bxa.pl.a of usaful »«»alian host cell Unas - 
ITZv c^l line transfor-ed by SV40 ,C0S-7. ATCO leSl, , h».»n ea^ryonro 
Kidney lin, ,293 or 293 cell, subcloned for growth in 
30 ^ahJl et al.. l^en^ 36=59 .1977,, , baby ha.ster " 

ATCC CCL 10,.- Chinese ha-ster ovary cells/-D»FR ,CBO, orlaub et al., S£oc, 
^l^cad. sci. USA 77 = 4216 (1980,,.- «ouse Sertoli cells ,™4. Hath^. 

^lod. 23,243- 251 ,1980,,,- «on.ey Udney calls .Cvl ATCC CC 70,; 
S^T:^ «„..y Hidney cells .VE«>-76. ATCC — ^ 
J5 carcinoma cells (HKLA. ATCC CO. 2„ canine ladney cells (HOCK, ATCC CCL 
7u buffalo -t liv» cells (=«. 3A. ATCC C«. 1442,,- hu.»n lung cells 
« 8. ATCC oa. 75,,- human liv.r cells (Hep C2. HB 8065,, 
t»a«r (H«T 060562. ATCC 0CI,51> , TRI calls (Mather et .1.. "-^"H^, 
. -jci, 383 = 44-68 (1982,,, MBC 5 cells, .84 ells, and a h„.«n h«,ato» Irne 

* "1st cells are tr.ns,cr...a with th. above-described expression or 

cloning vectors for WlSP-1 polypeptide production and cultured 
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^nventional nutrient media modified as appropriate for inducing promoters, 
selecting transformants, or amplifying the genes encoding the desired 
sequences . 

3. Selection and Ose of a Replicable Vector 
5 • The nucleic acid (e.g., cDNA or genomic DNA) encoding WISP-1 

polypeptide may be inserted into a replicable vector for cloning 
(amplification of the DNA) or for expression. Various vectors are publicly 
available. The vector may, for example, be in the form of a plasmxd, 
cosmid, viral particle, or phage. The appropriate nucleic acid sequence 
10 may be inserted into the vector by a variety of procedures. In general, 
DNA is inserted into an appropriate restriction endonuclease site(s) usxng 
techniques known in the art. Vector components generally include, but are 
not limited to, one or more of a signal sequence, an origin of replication, 
one or more marker genes, an enhancer element, a promoter, and a 
15 transcription termination sequence. Construction of suitable vectors 
, containing one or more of these components employs standard ligation 
techniques which are known to the skilled artisan. 

The WISP-1 may be produced recombinantly not only directly, but also 
as a fusion polypeptide with a heterologous" polypeptide, which may be a 
20 signal sequence or other polypeptide having a specific cleavage site at the 
N-terminus of the mature protein or polypeptide. In general, the signal 
■ sequence may be a component of the vector, or it may be a part of the WISP- 
1 polypeptide-encoding DNA that Is inserted into the vector. The sxgnal 
sequence may be a prokaryotic signal sequence selected, for example, from 
25 the group of the alkaline phosphatase, penicillinase, Ipp, or heat-stable 
enterotoxin II leaders. For yeast secretion the signal sequence may be, 
eg., the yeast invertase leader, alpha factor leader (including 
Saccnarcyces and Kluy..ron,yces a-factor leaders, the latter described in 
O S patent No. 5,010,182), or acid phosphatase leader, the C. albicans 
30 glucoamylase leader (EP 362,179 published 4 April 1990), or the signal 
described in WO 90/13646 published 15 November 1990. In mammalian cell 
expression, mammalian signal sequences may be used to direct secretion of 
■ the protein, such as signal sequences from secreted polypeptides of the 
same or related species, as well as viral secretory leaders. 
35 Both expression and cloning vectors contain a nucleic acid sequence 

that enables the vector to replicate in one or more selected host cells, 
such sequences are well known for a variety of bacteria, yeast, and 
viruses. The origin of replication from the plasmid pBR322 is suitable for 
most Gram-negative bacteria, the 2p plasmid origin is suitable for yeast, 
•40 and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are 
useful for cloning vectors in mammalian cells. 
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Expression and cloning vectors will typically contain a selection 
gene, aiso termed a selectable marker. Typical selection genes encode 
proteins that <a) confer resistance to antibiotics or other toxins, e.g.. 
ampicillin, neomycin, methbtrexate, or tetracycline, (b) complement 
auxotrophic deficiencies, or (c) supply critical nutrients not available 
from complex media, e.g., the gene encoding D-alanine racemase for Baailll. 

An example of suitable selectable markers for mammalian cells are 
those that enable the identification of cells competent to take up the 
WISP-1 polypeRtide-encoding nucleic acid, such as DHFR or thymidine kinase. 
An appropriate host cell when wild-type DHFR is employed is the CHO cell 
line deficient in DHFR activity, prepared and propagated as described by 
Orlaub et al., Proc. Natl. Ac ad. Sci. OSA, 77:4216 (1980). A suitable 
selection gene for use in yeast is the txpl gene present in the yeast 
plasmid yRp7 [Stinchcomb et al.. Nature, 282:39 (1979); Kingsman et al., 
5 Gene, 7:141 (1979); Tschemper et al.. Gene, 10:157 (1980)]. The txpl gene 
provides a selection marker for a mutant strain of yeast lacking the 
ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4-1 
[Jones, Genetics , 85:12 (1977)]. 

Expression and cloning vectors usually oontaih a promoter operably 
to linked to the WISP-1 poli^eptide-^ncoding nucleic acid sequence to direct 
mRNA synthesis. Promoters recognized by a variety of potential host cells 
are well known. Promoters suitable for use with prokaryotic hosts include 
the p-laotamase and lactose promoter systems [Cmang et al., Nature , 275:615 
(1978); Goeddel et al.. Nature , 281:544 (1979)], alkaline phosphatase, a 
15 tryptophan (trp) promoter system [Goeddel, Nncleic Acids Res. , 8:4057 
(1980); EP 36,776], and hybrid promoters such as the tac promoter [deBoer 
■ et al., Proc. Natl. Acad. Sci. OSA , 80:21-25 (1983)). Promoters for use in 
■ bacterial systems also will contain a Shine-Dalgarno (S.D.) sequence 
operably linked to the DNA encoding WISP polypeptide. 
30 Examples of suitable promoting sequences for use with yeast hosts 

include the promoters for 3-phosphoglycerate kinase [Hitzeman et al., 
Biol. Chem. , 255:2073 (1980)] or other glycolytic enzymes [Hess et al., 
Adv. Enzyme Reg. , 7:149 (1968); Holland, Biochemistry, 17:4900 (1978)1, 
such as enolase, glyceraldehyde-3-phosphate dehydrogenase, hexokinase, 
35 pyruvate decarboxylase, phosphofructokinase, glucose- 6-phosphate isomerase, 
3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, 
phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the 
additional advantage of transcription controlled by growth conditions, are 
40 the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid 
phosphatase, degradative enzymes associated with nitrogen metabolism, 
metallothionein, glyoeraldehyde-3-phosphate dehydrogenase, and enzymes 



39 



^sponsible for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in EP 73,657. 

WISP polypeptide transcription from vectors in mammalian host cells 
is controlled, for example, by promoters obtained from the' genomes of 
5 viruses such as polyoma virus, fowlpox virus (UK 2,211,504 published 5 July 
1989), adenovirus (such as Adenovirus 2), bovine papilloma virus, avian 
sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus and Simian 
Virus 40 (SV40), from heterologous mammalian promoters, e.g., the actin 
promoter or an immunoglobulin promoter, and from heat-shock promoters, 
10 provided such promoters are compatible with the host cell systems. 

Transcription of a DNA encoding the WISP-1 polypeptide by higher 
eukaryotes may be increased by inserting an enhancer sequence into the 
vector. Enhancers are cis-acting elements of DNA, usually about from 10 to 
300 bp, that act on a promoter to increase its transcription. Many 
15 enhancer sequences are now known from mammalian genes (globin, elastase, 
albumin,- .-fetoprotein, and insulin). Typically, however, one will use an 
enhancer from a eukaryotic cell virus. Examples include the SV40 enhancer 
on the late side of the replication origin (bp 100-270), the 
cytomegalovirus early promoter enhancer, the polyoma enhancer on the late 
.20 side of the replication origin, and adenovirus enhancers. The enhancer may 
be spliced into the vector at a position 5- or 3' to the WISP-1 polypeptide 
coding sequence, but" is preferably located at a site 5* from the promoter. 

Expression vectors used in eukaryotic host cells (yeast, fungi, 
insect, plant, animal, human, or nucleated cells frSii other multicellular 
25 organisms) will also contain sequences necessary for the termination of 
transcription and for stabilizing the mRNA. Such sequences are commonly 
available from the 5' and, occasionally 3', untranslated regions of 
eukaryotic or viral DMAs or cDNAs. These regions contain nucleotide 
segments transcribed as polyadenylated fragments in the untranslated 
30 portion of the mRHA encoding WISP-1 polypeptide. 

Still other me^thods, vectors, and host cells suitable for adaptation 
to the synthesis of WISP polypeptide in recombinant vertebrate cell culture 
are described in Gething et al.. Nature , 293:620-625 (1981); Mantel et al.. 
Nature , 281:40-46 (1979); EP 117,060; and EP 117,058. 
35 4. Culturinq the Host Cells 

The host cells used to produce the WISP polypeptide of this invention 
may be cultured in a variety of media. Commercially available media such 
as Ham's FIO (Sigma), Minimal Essential Medium ((MEM); (Sigma), RPMI-1640 
(Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are 
40 suitable for culturing the host cells. In addition, any of the media 
described in Ham et al., Meth. Enz. 58:44 (1979)., Barnes et al., ^lal^ 
Biochem.l02:25S (1980), U.S. Pat. Nos. 4,767,704; 4,657,866; 4,927,762; 
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J 560, 655; or 5,122,469; WO 90/03430; MO 87/00195; or U.S. Patent Re. 
30,985 may be used as culture media for the host cells, toy of these media 
may be supplemented as necessary with hormones and/or other growth factors 
(such as insulin, transferrin, or epidermal growth factor), salts (such as 
sodium chloride, calcium, magnesium, and phosphate), buffers (such as 
HEPES) , nucleotides (such as adenosine and thymidine) , antibiotics (such as 
GENTAMYCIN" drug), trace elements (defined as inorganic compounds usually 
present at final concentrations in the micromolar range) , and glucose or an 
equivalent energy source. Any other necessary supplements may also be 
included at appropriate concentrations that would be known to those skilled 
in the art. • The culture conditions, such as ten^ierature, pH, and the like, 
are those previously used with the host cell selected for expression, and 
will be apparent to the ordinarily skilled artisan. 

5. Detecting Gene flmpllficati on/Expression 
Gene amplification and/or expression may be measured in a sample 
directly, for example, by conventional Southern blotting. Northern blotting 
.to quantitate the transcription of mRNA [Thomas, Proc. Natl. Acad. Sci. . 
USA, 77:5201-5205 (is'so) ] , dot blotting (DNA analysis), or in situ 
hybridization, using an appropriately labeled probe, based on the sequences 
■provided herein. Alternatively, antibodies may be employed that can 
recognize specific duplexes, including DNA duplexes, RNA duplexes, and 
DNA-RNA hybrid duplexes or DNA-protein duplexes. The antibodies in turn 
may be labeled and the assay may be carried out where the duplex is bound 
to^a surface, so that upon the formation of duplex on the surface, the 
25 presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by immunological 
■ methods, such as immunohistochemical staining of cells or tissue sections 
an<? assay of cell culture or body fluids, to quantitate directly the 
expression of gene product. Antibodies useful for immunohistochemical 
staining and/or assay of sample fluids may be either monoclonal or 
polyclonal, and may be prepared in any mammal. Conveniently, the 
antibodies may be prepared against a native sequence WISP polypeptide or 
against a synthetic peptide based on the DNA sequences provided herein or 
against exogenous sequence fused to WISP DNA and encoding a specific 

35 antibody epitope. 

6i Purification of WI SP Polypeptide 
Forms of WISP polypeptide may be recovered from culture medium or 
from host cell lysates. If membrane-bound, it can be released from the 
' H^mbrane using a suitable detergent solution (e.g. Triton-X 100) or by 
enzymatic cleavage. Cells employed in expression of WISP-1 polypeptide can 
be disrupted by various physical or chemical means, such as freeze-thaw 
cycling, sonicatlon, mechanical disruption, or cell lysing agents. 
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It may be desired to purify WISP-1 polypeptide from recombinant cell 
proteins or polypeptides. The following procedures are exen^lary of 
suitable purification procedures: by fractionation on an ion-exchange 
column; ethanol precipitation; reverse phase HPLC; chromatography on sxl.ca 
or on a cation-exchange resin such as DEAE; chromatofocusing; SDS-PAGE; 
aMOonium sulfate precipitation; gel filtration using, for example. Sephadex 
G-75- protein A Sepharose columns to remove contaminants such as IgG; and 
„.etal chelating columns to bind epitope-tagged forms of the WISP-1 
polypeptide. Various methods of protein purification may be employed and 
Lch methods are known in the art and described for example in Deutscher, 
M...nH. in Enzvmology, 182 (1990); Scopes, Protein Purification: Principles 
.nd practice , Sprli^er-Verlag, «ew York (1982).' The purification step(s) 
selected will depend, for example, on the nature of the production process 
used and the particular WISP-1 polypeptide produced. 

Soluble forms of WISP-1 may be employed as antagonists in the methods 
of the invention. Such soluble forms of WISP-1 may comprise modifications, 
as described below (such as by fusing to an immunoglobulin, epitope tag or 
leucine zipper) . Immunoadhesin molecules are further contemplated for use 
in the methods herein. WISP-1 immunoadhesins may comprise various forms of 
WISP-1, such as the full length polypeptide as well as soluble forms of the 
WISP-1 or a fragment thereof. In particular embodiments, the molecule may 
comprise k fusion of the WISP-1 polypeptide with an immunoglobulin or a 
particular region of an immunoglobulin. For a bivalent form of the 
i^aunoadhesin, such a fusion could be to the Fc region of an IgG molecule. 
The ig fusions preferably include the substitution of a soluble 
(transmembrane domain deleted or inactivated) form of the polypeptide xn 
place of at least one variable region within an Ig molecule. In a 
particularly preferred embodiment, the immunoglobulin fusion includes the 
hinge, CH2 and CH3, or the hinge, CHI, CH2 and CH3 regions of an IgGl 
molecule. For the production of immunoglobulin fusions, see also OS Patent 
5,428,130 issued June 27, 1995 and Chamow et al., TIBTBCH, 11:52-60 



35 



40 



No 

(1996) 



The simplest and most straightforward immunoadhesin design combines 
the binding domain(s) of the adhesin (e.g. the WISP-1) with the Fc region 
of an immunoglobulin heavy chain. Ordinarily, when preparing the 
i^unoadhesins of the present invention, nucleic acid encoding the binding 
domain of the adhesin will be fused C-terminally to nucleic acid encoding 
the N-terminus of an immunoglobulin constant domain sequence, however N- 
terminal fusions are also possible. 

Typically, in such fusions the encoded chimeric polypeptide will 
retain at least functionally active hinge. C„2 and C„3 domains of the 
constant region of an immunoglobulin heavy chain. Fusions are also made to 
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C-terminus of the Fc portion of a constant domain, or iinmediately N- 
. terminal to the C„l of the heavy chain or the corresponding region of the 
light chain. The precise site at which the fusidn is made is not critical; 
particular sites are well known and may be selected in order to optimize 
5 the biological activity, secretion, or binding characteristics of the 
. immunoadhe sin. 

In a preferred embodiment, the adhesin sequence is fused to the N- 
terminus of the Fc region of immunoglobulin Gx dgGx) . It is possible to 
fuse the entire heavy chain constant region to the adhesin sequence. 
10 However, more preferably, a sequence beginning in the hinge region just 
upstream of the papain cleavage site which defines IgG Fc chemically (a.e. 
residue 216, taking the first residue of heavy chain constant region to be 
114), or analogous sites of other immunoglobulins is used in the fusion. 
In a particularly preferred embodiment, the adhesin amino acid sequence is 
15 fused to (a) the hinge region and C.2 land C„3 or (b) the ChI, hinge, C„2 and 
Ch3 domains, of an IgG heavy chain. 

For bispecific immunoadhesins, the immunoadhe sins are assembled as 
multimers, and particularly as heterodimers or heterotetramers. Generally, 
these assembled immunoglobulins will have known unit structures. A basxc 
20 four chain structural unit is the form in which IgG, IgD, and IgE exist. A 
four chain unit is repeated in the higher molecular weight immunoglobulins; 
IgM generally exists as a pentamer of four basic units held together by 
disulfide bonds. IgA globulin, and occasionally IgG globulin, may also 
exist in multimeric form in serum. In the case of multimer, each of the 
25 four units may be the same or different, 

■ various exemplary assembled immunoadhesins within the scope herein 
are schematically diagrammed below: j 

(a) ACt-ACi,; 

(b) ACh-(ACh, ACi-ACh, AC-VaC or ViCl-ACb) ; 

30 (c) ACi-ACh-<ACl-ACb, ACi-V«Ch, Vj,C^-ACh, or VlCl-VbCh) 

(d) ACi-VhCh- (ACh, or ACi-VhCh, or Vi.Ci-AC„) ; 

(e) ViCl-ACh- (ACi-VhCh, or Vi.Ci-ACh) ; and 

(f) (A-Y)„-(VtCi-VHCH)2f 

wherein each A represents identical or different adhesin amino acid 

35 sequences; 

Vi is an immunoglobulin light chain variable domain; 

Vh is an immunoglobulin heavy chain variable domain; 

Ct is an immunoglobulin light chain constant domain; 

Ch is an immunoglobulin heavy chain constant domain; 
40 n is an integer greater than 1; 

Y designates the residue of a covalent cross-linking agent. 
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In the interests of brevity, the foregoing structures only show key 
features; they ' do not indicate joining (J) or other domains of the 
iMaunoglobOlins, nor are disulfide bonds shown. However, where such 
■ domains are required for binding activity, they shall be constructed to be 
5 present in the ordinary locations which they occupy in the immunoglobulxn 
molecules . 

Alternatively, the adhesin sequences can be inserted between 
immunoglobulin heavy chain and light chain sequences, such that an 
■ immunoglobulin comprising a chimeric heavy chain is obtained. In this 
,0 embodiment, the adhesin sequences are fused to the 3' end of an 
immunoglobuli^\eavy chain in each arm of an immunoglobulin, either between 
the hinge and the C„2 domain, or between the C„2 and Ch3 domains. Similar 
constructs have been reported by Hoogenboom et al., Mol. Immunol. , 28:1027- 
1037 (1991). 

15 Although the presence of an immunoglobulin light chain is not 

required in the immunoadhesins of the present invention, an immunoglobulin 
light chain might be present either covalently associated to an adhesxn- 
immunoglobulin heavy chain fusion polypeptide, or directly fused to the 
adhesin. In the former case, DNA encoding an immunoglobulin light chain xs 
20 typically coexpressed with the encoding the adhesin-immunoglobulin 

heavy chain fusion protein. Opon secretion, the hybrid heavy chain and the 
light chain will be covalently associated to provide an immunoglobulin-like 
structure comprising two disulfide-linked immunoglobulin heavy chain-lxght 
Chain pairs. Methods suitable for the preparation of such structures are, 
25 for example, disclosed in D.S. Patent No. 4,816,567, issued 28 March 198?. 

immunoadhesins are most conveniently constructed by fusing the cDNA 
sequence encoding the adhesin portion in-frame to an immunoglobulin cDNA 
sequence. However, fusion to genomic immunoglobulin fragments can also be 
used (see, e.g. Aruffo et al.. Cell, 61:1303-1313 (1990); and Stamenkovic 
30 et al., cell, 66:1133-1144 (1991)). The latter type of fusion requires the 
presence of Ig regulatory sequences for expression. cDNAs encoding IgG 
heavy-chain constant regions can be isolated based on published sequences 
from CDNA. libraries derived from spleen or peripheral blood lymphocytes, by 
hybridization or by polymerase chain reaction (PCR) techniques. The cDNAs 
35 encoding the "adhesin" and the immunoglobulin parts of the immunoadhesin 

• are inserted in tandem into a plasmid vector that directs efficient 
expression in the chosen host cells. 

In another embodiment, the WISP-1 or WISP-1 antagonist may be 
covalently modified by linking the receptor polypeptide to one of a variety 
40 of nonproteinaceous polymers, e.g., polyethylene glycol (PEG), 

polypropylene glycol, or polyoxyalkylenes, in the manner set forth in U.S. 

• Patent Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or _ 
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1^179,337, or other like molecules such as polyglutamate . Such pegylated 
forms may be prepared using techniques known in the art. 

Leucine zipper forms of these molecules are also contemplated by the 
invention. "Leucine ' zipper" is a term in the art used to refer to a 
leucine rich sequence that enhances, promotes, or drives dimerization or 
trimerization of its fusion partner (e.g., the sequence or molecule to 
which the leucine zipper is fused or linked to) . Various leucine zipper 
polypeptides have been described in the art. See, e.g., Landschulz et al., 
science , 240:1759 (1988); OS Patent 5,716.805; WO 94/10308; Hoppe et al., 
FEBS Letters , 344:1991 (1994); Maniatis et al.. Nature, 341:24 (1989). 
Those skilled in the art will appreciate that a leucine zipper sequence may 
be fused at either the 5' or 3- end of the WISP-1 or WISP-1 antagonist 
molecule . 

The WISP-1 polypeptides of the present invention may also be modified 
in a way to form chimeric molecules by fusing the polypeptide to another, 
heterologous polypeptide or amino acid sequence. Preferably, such 
heterologous polypeptide or amino acid sequence is one which acts to 
ollgimerize the. chimeric molecule. In one embodiment, such a chimeric 
molecule comprises a fusion of the WISP-1 polypeptide with a tag 
polypeptide which provides an epitope to which an anti-tag antibody can 
selectively bind. The epitope tag is generally placed at the amino- or 
carboxyl- terminus of the polypeptide. The presence of such epitope-tagged 
forms of the polypeptide can be detected using an antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the polypeptide to 
be readily purified by affinity purification using an anti-tag antibody or 
another type of affinity matrix that binds to the epitope tag. Various tag 
polypeptides and their respective antibodies are well known in the art. 
Examples include poly-histidine (poly-his) or poly-histidine-glycine (poly- 
his-gly) tags; the flu HA tag polypeptide and its antibody 12CA5 [Field et 
al., Mol. Cell. Biol. , 8:2159-2165 {1988)]; the c-myc tag and the 8F.9, 3C7, 
-6E10, G4, B7 and 9E10 antibodies thereto [Evan et al.. Molecular and 
Cellular Biology , 5:3610-3616 (1985)]; and the Herpes Simplex virus 
glycoprotein D (gD) tag and its antibody [Paborsky et al.. Protein 
Engineering , 3(6):547-553 (1990)]. Other tag polypeptides include the 
•Flag-peptide (Hopp et al., BioTechnology , 6:1204-1210 (1988)1; the KT3 
epitope peptide [Martin et al.. Science , 255:192-194 (1992)]; an .-tubulin 
.epitope peptide [Skinner et al., J. Biol. Chem. , 266= "163-15166 (1991)]; 
and the T7 gene 10 protein peptide tag [Lutz-Freyermuth et al., Proc. Natl. 
Acad. Sci. OSA , 87:6393-6397 (1990)]. 

It is contemplated that anti-WISP-1 antibodies may also be employed 
in the presently 'disclosed methods. Examples of such molecules include 
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Jutralizing or blocking antibodies which can reduce cancer cell growth, 
metastasis or motility. The anti-WISP-1 may be monoclonal antibodies. 

Monoclonal antibodies may be prepared using hybridoma methods, such as 
those described by Kbhler and Milstein, m^SS.' 256:495 (1975) . In a 
hybridoma method, a mouse, hamster, or other appropriate host animal, is 
typically immunized with an immunizing agent to elicit lymphocytes that 
produce or are capable of producing antibodies that will specifically bind to 
the immunizing agent. Alternatively, the lymphocytes may be immunized in 
vitro. 

The immunizing agent will typically include a WISP-1 polypeptide or a 
fusion protein thereof, such as a WlSP-1-IgG fusion protein. 

Generally, either peripheral blood lymphocytes ("PBLs") are used if 
cells of human origin are desired, or spleen cells or lymph node cells are 
used if non-human maiomalian sources are desired. The lymphocytes are then 
fused with an immortalized cell line using a suitable fusing agent, such as 
polyethylene glycol, to form a hybridoma cell [Goding, Monoclonal Antibodies: 
ov^«,.-. pi«. and Practice , Academic Press, "(1986) pp. 59-103] . Immortalized 
cell lines are usually transformed mammalian cells, particularly myeloma 
cells of rodent, bovine and human origin. Usually, rat or mouse myeloma cell 
) lines are employed. The hybridoma cells may be cultured in a suitable 

culture medium that preferably contains one or more substances that inhibit 
the growth or survival of the unfused, immortalized cells. For example, if 
the parental cells lack the enzyme hypoxanthine guanine phosphoribosyl 
transferase {HGPRT or HPRT), the culture medium for the hybridomas typically 
5 will include hypoxanthine, aminopterin, and thymidine ("HAT medium"), which 
substances prevent the growth of HGPRT-deficient cells. 

preferred immortalized cell lines are those that fuse efficiently, 
support stable high level expression of antibody by the selected antibody- 
producing cells, and are sensitive to a medium such as HAT medium. More 
0 preferred immortalized cell lines are murine myeloma lines, which can be 

obtained, for instance, from the Salk Institute Cell Distribution Center, San 
Diego, California and the American Type Culture Collection, Manassas, 
Virginia. Human myeloma and mouse-human heteromyeloma cell lines also have 
■ been described for the production of human monoclonal antibodies [Kozbor, 
35 Immunol. , 133:3001 (1984); Brodeur et al.. Monoclonal Antibody Production 
T..Hn.nnes and Aoolications , Marcel Dekker, Inc., New York, (1987) pp. 51- 
63J. 

The culture medium in which the hybridoma cells are cultured can then 
be assayed for the presence of monoclonal antibodies directed against WISP-1. 
40 'preferably, the binding specificity of monoclonal antibodies produced by the 
hybridoma cells is determined by Immunoprecipitation or by an lii vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme-linked 
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%„unoabsorbent assay (ELISA) . Such techniques and assays are knovm in the 
art The binding affinity of the monoclonal antibody can, for example, be 
detemdned by the Scatchard analysis of Munson and Pollard, final. Biochem. , 
107:220 (1980) . 

5 • After the desired hybridoma cells are identified, the clones may be 

subcloned by lliaiting dilution procedures and grown by standard methods 
[Coding, supra] . Suitable culture media for this purpose include, for 
example, Dulbecco's Modified Eagle's Medium or RPMI-1640 medium. 
Alternatively, the hybridoma cells may be grown in vivo as ascites in a 

10 ' mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or 
purified from the culture medium or ascites fluid by conventional . 
i^unoglobulin purification procedures such as, for example, protein A- 
Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysxs, or 

15 affinity chromatography. 

The monoclonal antibodies may also be made by recombinant DNA methods, 
such as those described in U.S. Patent No. 4,816,567. DNA encoding the 
monoclonal antibodies is readily isolated and sequenced using conventional 
procedures (e.g., by using oligonucleotide probes that are capable of 
20 binding specifically to genes encoding the heavy and light chains of the 

monoclonal antibodies). The hybridoma .cells serve as a preferred source of 
such DNA. once isolated, the DNA may be placed into expression vectors, 
which are then transfected into host cells such as E. coll cells, simxan 
COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not 
25 otherwise produce immunoglobulin protein, to obtain the synthesis of 

monoclonal antibpdies in the recombinant host cells. The DNA also may be 
modified, for example, by substituting the coding sequence for human heavy 
and light chain constant domains in place of the homologous murine 
sequences, Morrison, et al., Proc. Nat. Acad. Sci. 81, 6851 (1984), or by 
30 covalently joining to the immunoglobulin coding sequence all or part of the 
coding sequence for a non-immunoglobulin polypeptide. 

Typically such non-immunoglobulin polypeptides are substituted for ' 
the constant domains of an antibody of the invention, or they are 
substituted for the variable domains of one antigen-combining site of an 
35 antibody of the invention to create a chimeric bivalent antibody comprising 
one antigen-combining site having specificity for WISP-1 and another 
antigen-combining site having specificity for a different antigen. 

Chimeric or hybrid antibodies also may be prepared in vitro using 
known methods in synthetic protein chemistry, including those involving 
40 crosslinlcing agents. For example, immunotoxins may be constructed us^ng a 
disulfide exchange reaction or by forming a thioether bond. Examples of 
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iitable reagents for this purpose include iminothiolate and methyl-4- 
mercaptobutyrimidate . 

Single chain Fv fragments may also be produced, such as described in 
Iliades et al., FEES Letters , 409:437-441 (1997). Coupling of such single 
chain fragments using various linkers is described in Kortt et al.. Protein 
Engineering, 10:423-433 (1997). A variety of techniques for the 
recombinant production and manipulation of antibodies are well known in 
the art. Illustrative examples of such techniques that are typically 
utilized by skilled artisans are described in greater detail below. 
(i) Humanized ant±]:>odie3 

Generally, a humanized antibody has one or more amino acid residues 
introduced into it from a non-human source. These non-human amino acid 
residues are often referred to as "import" residues, which are typically 
taken from an "import" variable domain* Humanization can be essentially 
performed following- the method of Winter and co-workers [Jones et al.. 
Nature , 321:522-525 (1986); Riechmann et al., Nature , 332:323-327 (1988); 
Verhoeyen et al.. Science , 239:1534-1536 (1988)], by substituting rodent 
CDRs or CDR sequences for the corresponding sequences of a human antibody. 

Accordingly, such "humanized" antibodies are chimeric antibodies 
wherein substantially less than an intact human variable domain has been 
substituted by the corresponding sequence from a non-human species. In 
practice, humanized antibodies are typically human antibodies in which some 
CDR residues and possibly some FR residues are substituted by residues from 
analogous sites in rodent antibodies. 

It is in^ortant that antibodies be humanized with retention of high 
affinity for the antigen and other favorable biological properties. To 
achieve this goal, according to a preferred method, humanized antibodies 
are prepared by a process of analysis of the parental sequences and various 
conceptual humanized products using three-dimensional models of the 
parental and humanized sequences. Three dimensional immunoglobulin models 
are commonly available and are familiar to those skilled in the art. 
Computer programs are available which illustrate and display probable 
three-dimensional conformational structures of selected candidate 
immunoglobulin sequences. Inspection of these displays permits analysis of 
the likely role of the residues in the functioning of the candidate 
immunoglobulin sequence, i.e. the analysis of residues that influence the 
ability of the candidate immunoglobulin to bind its antigen. In this way, 
FR residues can be selected and combined from the consensus and import 
sequence so that the desired antibody characteristic, such as increased 
affinity for the target antigen (s), is achieved. In general, the CDR 
residues are directly and most substantially involved in influencing 
antigen binding. 
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(ii) Human antibodies 

Human monoclonal antibodies can be made by the hybridoma method. 
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Human myeloma and mouse-human heteromyeloma cell lines' for the production 
of hiaman monoclonal antibodies have been described, for example, by Kozbor, 
J. Immunol. 133 , 3001 (1984), and Brodeur, et al., Monoclonal Antibody . 
Production Technicpies and Applications , pp. 51-63 (Marcel Dekker, Inc, New 
York, 1987). 

It is now possible to produce transgenic animals (e.g. mice) that are 
capable, upon immunization, of producing a repertoire of human antibodies 
in the absence of endogenous immunoglobulin production. For example, it 
has been described that tlfie homozygous deletion of the antibody heavy chain 
joining region (Jh) gene in chimeric and germ-line mutant mice results in 
complete inhibition of endogenous antibody production. Transfer of the 
hxunan germ-line immunoglobulin gene array in such germ-line mutant mice 
will result in the production of human antibodies upon antigen challenge. 
See, e.g. Jakobovits et al., Proc. Natl. Acad. Sci. USA 90, 2551-255 
(1993); Jakobovits et al-. Nature 362 , 255-258 (1993). 

Mendez efc al. (Mature Genetics 15: 146-156 [1997]) have further 
improved the technology and have generated a line of transgenic mice 
designated as "Xenomouse II" that, when challenged with an' antigen, 
generates high affinity fully human antibodies. This was achieved by germ- 
line integration of megabase human heavy chain and light chain loci into 
mice with deletion into endogenous Jr segment as described above. The 
Xenomouse II harbors 1,020 kb of human heavy chain locus containing 
approximately 66 Va genes, complete Dh and Jh regions and three different 
constant regions (ji, 8 and %) , and also harbors 800 kb of human k locus 
containing 32 Vk genes, Jk segments and Ck genes. The antibodies produced 
in these mice closely resemble that seen in humans in all respects, 
including gene rearrangement, assembly, and repertoire. The human 
antibodies are preferentially expressed over endogenous antibodies due to 
deletion in endogenous Jh segment that prevents gene rearrangement in the 
murine locus. 

Alternatively, the phage display technology (McCafferty et al., Nature 
348, 552-553 [1990]) can be used to produce human antibodies and antibody 
fragments in vitro, from immunoglobulin variable (V) domain gene 
repertoires from unimmunized donors. According to this technique, antibody 
V domain genes are cloned in- frame into either a major or minor coat 
protein gene of a filamentous bacteriophage, such as M13 or fd, and 
displayed as functional antibody fragments on the surface of the phage 
particle. Because the filamentous particle contains a single-stranded DNA 
copy of the phage genome, selections based on the functional properties of 
the antibody also result in selection of the gene encoding the antibody 
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^Bchibiting those properties. Thus, the phage mimicks some of the 
•properties of the B-cell. Phage display can be performed in a variety of 
formats; for their review see, e.g. Johnspn^ Kevin S. and Chiswell, David 
J., Current Opinion in Structural Biology 3, 564-571 (1993). Several 
5 sources of V-gene segments can be used for phage display. Clackson et aJ-, 
• Nature 352 , 624-628 (1991) isolated a diverse array of anti-oxazolone 
antibodies from a small random combinatorial library of V genes derived 
from the spleens of immunized mice; A repertoire of V genes from 
unimmunized human donors can be constructed and antibodies to a diverse 
10 array of antigens (including self -antigens) can be isolated essentially 

following the techniques described by Marks et al., J, Mol. Biol. 222 , 581t 
597 (1991), or Griffith et ai., EMBO J. 12, 725-734 (1993). In a natural 
immune response, antibody genes accumulate mutations at a high rate 
(somatic hypermutation) . Some of the changes introduced will confer higher 
15 affinity, and B cells displaying high-affinity surface immunoglobulin are 
preferentially replicated and differentiated during subsequent antigen 
challenge. This natural process can be mimicked by employing the technique 
known as "chain shuffling" (Marks et al,, Bio/Technol. 10, 779-783 [1992]). 
In this method, the* affinity of "primary" human antibodies obtained by 
20 phage display can be improved by sequentially replacing the heavy and light 
chain V region genes with repertoires of naturally occurring variants 
(repertoires) of V domain genes obtained from unimmunized donors. This v 
technique allows the production of antibodies and antibody fragments with 
affinities in the nM range. A strategy for making very large phage 
25 antibody repertoires (also known as "the mother-of-all libraries") has been 
described by Waterhouse et al., Nucl. Acids Res. 21 , 2265-2266 (1993). 
Gene shuffling can also be used to derive human antibodies from rodent 
antibodies, where the hiHnan antibody has similar affinities and 
specificities to the starting rodent antibody. According to this method, 
30 which is also referred to as "epitope imprinting", the heavy or light chain 
V domain gene of rodent antibodies obtained by phage display technique is 
replaced with a repertoire of human V domain genes, creating rodent-human 
chimeras. Selection on antigen results in isolation of human variable 
capable of restoring a functional antigen-binding site, i.e. the epitope 
35 governs (imprints) the choice of partner. When the process is repeated in 
order to replace the remaining rodent V domain, a human antibody is 
obtained (see PCT patent application WO 93/06213, published 1 April 1993) . 

Unlike traditional humanization of rodent antibodies by CDR grafting, this 
technique provides completely human antibodies, which have no framework or 
40 .CDR residues of rodent origin. 



As discussed below, the antibodies of the invention may optionally 
comprise monomer ic, antibodies, dimeric antibodies, as well as multivalent 
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Jrms of antibodies. Those skilled in the art may construct such dimers or 
multivalent forms by techniques known in the art. Methods for preparing 
monovalent antltoodies are also well known in the art. For example, one 
method involves recombinant expression of immunoglobulin light chain and 
modified heavy chain. The heavy chain is truncated generally at any point in 
• the Fc region so as to prevent heavy chain crosslinking . Alternatively, the 
relevant cysteine residues are substituted with another amino acid residue or 
are deleted so as to prevent crosslinking. 
(ill) BispecifLc antibodies 

Bispecific antibodies are monoclonal, preferably human or humanized, 
antibodies that have binding specificities for at least two different 
antigens. In the present case, one of the binding specificities is for 
•WISP-1. For example, bispecific antibodies specifically binding WISP-1 or 
WISP-1 variants and another CNN family member (e.g., WISP-2, WISP-3, CTGF, 
Cyr61, or Nov) or other molecules such as CD44 are within the scope of the 

■ present invention. 

Methods for making bispecific antibodies are known in the art. 
Traditionally, the recombinant production of bispecific antibodies is based 
on the ooexpression of two immunoglobulin heavy chain-light chain pairs, 
where the two heavy chains have different specificities (Millstein and 
Cuello, Nature 305 , 537-539 (1983)). Because of the random assortment of 
inmiunoglobulin heavy and light chains, these hybridomas (quadromas) produce 
a potential mixture of 10 different antibody molecules, of which only one 
has the correct bispecific structure. The purification of the correct 
molecule, which is usually done by affinity chromatography steps, is rather 
cumbersome, and the product yields are low. Similar procedures are * 
disclosed in PCT application publication No. WO 93/08829 (published 13 May 
1993), and in Traunecker et al., EMBO 10, 3655-3659 (1991). 

According to a different and more preferred approach, antibody 
variable domains with the desired binding specificities (antibody-antigen 
combining sites) are fused to immunoglobulin constant domain sequences. 
The fusion preferably is with an immunoglobulin heavy chain constant 
domain, comprising at least part of the hinge, CH2 and CH3 regions. It is 
preferred to have the first heavy chain constant region (CHI) containing 
the site necessary for light chain binding, present in at least one of the 
fusions. DNAs encoding the immunoglobulin heavy chain fusions and, if 
desired, the Immunoglobulin light chain, are inserted into separate 
expression vectors, and are cotransfected into a suitable host organism. 
This provides for great flexibility in adjusting the mutual proportions of 
) the three polypeptide fragments in embodiments when unequal ratios of the 
three polypeptide chains used in the construction provide the optimum 
yields. It is, however, possible to insert the coding sequences for two or 

51 




11 three- polypeptide chains in one expression vector when the expression 
of at least two polypeptide chains in equal ratios results in high yields 
- or when the ratios are of no particular significance. In a preferred 
- embodiment of this approach, the bi specific antibodies are composed of a 
5 hybrid immunoglobulin heavy chain with a first binding specificity in one 
arm, and a hybrid immunoglobulin heavy chain-light chain pair {providing a 
second binding specificity) in the other arm. It was found that this 
asymmetric structure facilitates the separation of the desired bispecific 
compound from unwanted immunoglobulin chain combinations, as the presence 
10 of an immunoglobulin light chain in only one half of the bispecific 
molecule provides for a facile way of separation. This approach is 
disclosed in PCT Publication No. WO 94/04690, published on March 3, 1994. 

For further de.tails of generating bispecific antibodies see, for 
example, Suresh et al-. Methods in Enzymoloqy 121^ 210 (1986). 
15 (iv) Heteroconjugate antlJbodies 

Heterocon jugate antibodies are also within the scope of the present 
invention. Heterocon jugate antibodies are composed of two covalently 
joined antibodies. Such antibodies have, for example, been proposed to 
target immune system cells to unwanted cells (U.S. Patent No. 4,676,980), 
20 and for treatment of HIV infection (PCT application publication Nos. WO 
91/00360 and WO 92/200373; EP 03089) . Heterocon jugate antibodies may be 
made using any convenient cross-linking methods. Suitable cross-linking 
agents are well known in the art, and are disclosed in U.S. Patent No- 
4,676,980, along with a number of cross-linking techniques- 
25 (V) Antibody fragments 

In certain embodiments, the anti-WISP-1 antibody (including murine, 
human and humanized antibodies, and antibody variants) is an antibody 
fragment. Various techniques have been developed for the production of 
antibody fragments. Traditionally, these fragments were derived via 
30 proteolytic digestion of intact antibodies (see, e.g., Morimoto et aJ., J". 
Blochem. Blophys. Methods 24:107-117 (1992) and B^ennan et ai.. Science 
229:81 (1985)). However, these fragments can now be produced directly by 
recombinant host cells. For example, Fab'-SH fragments can be directly 
recovered from £. coli and chemically coupled to form F(ab')2 fragments 
35 (Carter et al. ^ Blo/Technology 10:163-167 (1992)). In another embodiment, 
the F(abM2 is formed using the leucine zipper GCN4 to promote assembly of 
the F(ab')2 molecule. According to another approach, Fv, Fab or F{ab')2 
fragments can be isolated directly from recombinant host cell culture. A 
variety of techniques for the production of antibody fragments will be 
40 apparent to the skilled practitioner. For instance, digestion can be 

performed using papain. Examples of papain digestion are described in WO 
94/29348 published 12/22/94 and U.S. Patent No. 4,342,566. Papain digestion 
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?f antibodies typically produces two identical antigen binding fragments, 
called Fab fragments, each with a single antigen binding site, and a residual 
Fc fragment. Pepsin treatment yields an F{ab'). fragment that has two 
antigen combining sites and is still capable of cross-linking antigen. 

The Fab fragments produced in the antibody digestion also contain the 
constant domains of the light chain and the first constant domain (CH,) of 
the heavy chain. Fab' fragments differ from Fab fragments by the addition of 
a few residues at the carboxy terminus of the heavy chain CH. domain 
including one or more cysteines from the antibody hinge region. Fab'-SH xs 
the designation herein for Fab' in which the cysteine residue (s) of the 
constant domains bear a free thiol group. F(ab'). antibody fragments 
originally were produced as pairs of Fab' fragments which have hinge 
cysteines between them. Other chemical couplings of antibody fragments are 
also known* 

Antibodies are glycosylated at conserved positions in thexr constant 
regions (Jefferis and Lund, Chem. Immunol, 65:111-128 [19971; Wright and 
Morrison, TibTECH 15:26-32 [1997]). The oligosaccharide side chaxns of 
the immunoglobulins affect the'protein's function (Boyd et al., Mol, 
I„„,unol. 32:1311-1318 [1996]; Wittwe and Howard, Biochem. 29:4175-4180 
[1990J), and the intramolecular interaction between portions of the 
glycoprotein which can affect the conformation and p:,esented three-, 
dimensional surface of the glycoprotein (Hefferis and Lund, supra; Wyss 
and Wagner, ^..^^^n^ Onin. Biotech. 7:409-416 [19961). Oligosaccharides 
„.ay also serve to target a given glycoprotein to certain molecules based 
; upon specific recognition structures. For example, it has been reported 
that in agalactosylated IgG, the oligosaccharide moiety 'flips' out of the 
inter-CH2 space and terminal N-acetylglucosamine residues become available 
to bind mannose binding protein (Malhotra et al., Nature Med. 1:237-243 
[1995]). Removal by glycopeptidase of the oligosaccharides from CAMPATH- 
.IH (a recombinant humanized murine monoclonal IgGl antibody which 
recognizes the CDw52 antigen of human lymphocytes) produced in Chinese 
Hamster Ovary (CHO) cells resulted in a complete reduction in complement 
mediated lysis (CMCL) (Boyd et al. . ^oj^^^anol^ 31'-1^1^-^^^^ [1996]), 
while selective removal of sialic acid residues using neuraminidase 
5 resulted in no loss of DMCL. Glycosylation of antibodies has also been 
reported to affect antibody-dependent cellular cytotoxicity (ADCC). In 
particular, CHO cells with tetracycline-regulated expression of P(1.4)-N- 
acetylglucosaminyltransferase III (GnTIII), a glycosyltransferase 
catalyzing formation of bisecting GlcNAc, was reported to have improved 
40 ADCC activity (Omana et al.. Mature Biotech. 17:176-180 [1999], . 

Glycosylation variants of antibodies are variants in which the 
glycosylati*,n pattern of an antibody is altered. By altering is meant 
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deleting one or more carbohydrate moieties found in the antibody, adding 
one or more carbohydrate moieties to the antibody, changing the 
■ composition of glycosylation (glycosylation pattern) , the extent of 

glycosylation: etc. Glycosylation variants may, for exan^le, be prepared 
S by removing, changing and/or adding one or more glycosylation sites in the 
nucleic acid sequence encoding the antibody. 

Glycosylation of antibodies is typically either ^-linked or O- 
linlced. N-linked refers to the attachment of the carbohydrate moiety to 
the side chain of an asparagine residue. The tripeptide sequences 
,0- asparagine-X-serine and asparagine-X- threonine, where X is any amino acid 
except proline, are the recognition sequences for enzymatic attachment of 
the carbohydrate moiety to the asparagine side chain. Thus, the presence 
of either of these tripeptide sequences in a polypeptide creates a 
potential glycosylation site. O-linked glycosylation refers to the 
15 attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose 
to a hydroxyamino acid, most commonly serine or threonine, although 5- 
hydroxyproline or 5-hydroxylysine may also be used. 

Addition of glycosylation sites to the antibody is conveniently 
accomplished by altering the amino acid sequence such that it contains one 
20 or more of the above-describe<l .tripeptide sequences (for N-linked 

glycosylation sites) . The alteration may also be made by the addition of, 
or substitution by. one or more serine or threonine residues to the 
.sequence of the original antibody (for O-linked glycosylation sites). 

The glycosylation (including glycosylation pattern) of antibodies 
25 may also be altered without altering the underlying nucleotide sequence. 
Glycosylation largely depends on the host cell used to express the 
antibody. Since the cell type used for expression of recombinant 
glycoproteins, e.'g. antibodies, as potential therapeutics is rarely the 
native cell, significant variations in the glycosylation pattern of the 
30 antibodies can be expected (see, e.g. Hse et al., Bxol. Chem. 272:9062 
9070 [1997]). in addition to the choice of host cells, factors whxch 
affect glycosylation during recombinant production of antibodies include 
growth mode, media formulation, culture density, oxygenation, pH. 
purification schemes and the like. Various methods have been proposed to 
35- alter the glycosylation pattern achieved in a particular host organxsm 
including introducing or overexpressing certain enzymes involved ^ 
oligosaccharide production (0. S. Patent Nos. 5,047,335; 5,510,261 and 
5 278,299). Glycosylation, or certain types of glycosylation, can be 
enzymatically removed from the glycoprotein, for example using 
• 40 endoglycosidase H (Endo H) . In addition, the recombinant host cell can be 
genetically engineered, e.g. make defective in processing certain types of 
.polysaccharides. These and similar techniques are well known in the art. 
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The glycosylation structure of antibodies can be readily analyzed by 
conventional techniques of carbohydrate analysis, including lectin 
• chromatography, NMR, Mass spectrometry, HPLC, GPC, monosaccharide 
compositional analysis, sequential enzymatic digestion, and HPAEC-pAD, 
5 which" uses high pH anion exchange chromatography to separate 
oligosaccharides based on charge. Methods for releasing oligosaccharides 
for analytical purposes are also known, and include, without limitation, 
enzymatic treatment (commonly performed using peptide-N-glycosidase F/endo- 
p-galactosidase) , elimination using harsh alkaline environment to release 
10 mainly O-linked structures, and chemical methods using anhydrous hydrazine 
to release both N- and O-linked oligosaccharides, 

Triabodies are also within the sc<^ of the invention. Such 
antibodies are described for instance in Iliades et al., aupra and Kortt et 
al., supra . 

15 . The antibodies of the present invention may be modified by 
conjugating the antibody to a cytotoxic agent (like a toxin molecule) or a 
prodrug-activating enzyme which converts a prodrug (e.g. a peptidyl 
ohemotherapeutic agent, see WO81/01145) to an active anti-cancer drug. 
See, for example, WO 88/07378 and U.S. Patent No. 4,975,278. This 

20 technology is also referred to as "Antibody Dependent Enjsyme Mediated 
Prodrug Therapy" (ADEPT) . 

The enzyme component of the immunocon jugate useful for ADEPT includes 
any enzyme capable of acting on a prodrug in such a way so as to covert it 
into its mpre active, cytotoxic form. Enzymes that are useful in the 

25 method of this invention Include, but are not limited to, alkaline 

phosphatase useful for converting phosphate-containing prodrugs into free 
drugs; arylsulfatas'e useful for converting sulfate-containing prodrugs into 
free drugs; cytosine deaminase useful for converting non-toxic 5- 
fluorocytosine into the anti-cancer drug, 5-fluorouracil; proteases, such 

30 as serratia protease, thermolysin, subtilisin, carboxypeptidases and 

cathepsins (such as cathepsins B and L) , that are useful for converting 
peptide-containing prodrugs into free drugs; caspases such as caspase-3; D- 
alanylcarboxypeptidases, useful for converting prodrugs that contain D- 
amino acid substituents; carbohydrate-cleaving enzymes such as beta- 
35 galactosidase and neuraminidase useful for converting glycosylated prodrugs 
into free drugs; beta-lactamase useful for converfing drugs derivatized 
with beta-lactams into free drugs; and penicillin amidases, such as 
penicillin V amidase or penicillin G amidase, useful for converting drugs 
derivatized at their amine nitrogens with phenoxyacetyl or phenylacetyl 
40 groups, respectively, into free drugs. Alternatively, antibodies with 
enzymatic activity, also known in the art as "abzymes", can be used to 
convert the prodrugs of the invention into free active drugs (see, e.g.. 
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Massey, Nature 328: 457-458 (1987)). Antibody-abzyme conjugates can be 
prepared as described herein for delivery of the abzyiae to a tumor cell 

population. . 

The enzymes can be covalently bound to the antibodies by techniques 
5 well known in the art such as the use of heterobifunctional crosslinking 
reagents. Alternatively, fusion proteins coi»prising at least the antxgen 
binding region of an antibody of the invention linked to at least a 
functionally active portion of an enzyme of the invention can be 
constructed using recombinant DNA techniques well known in the art (see, 
10 e.g., Neuberger et al., Nature. 312: 604-608 (1984). 

Further antibody modifications are contemplated. For example, the 
antibody may be linked to one of a variety of nonproteinaceous polymers, 
eg, polyethylene glycol, polypropylene glycol, polyoxyalkylenes, or 
copolymers of polyethylene glycol and polypropylene glycol, or other 
15 molecules such as polyglutamate. The antibody also may be entrapped xn 
microcapsules prepared, for example, by coacervation techniques or by 
. interfacial polymerization (for example, hydroxymethylcellulose or gelatan- 
microcapsules and poly- (methylmethacylate) microcapsules, respectively), in 
colloidal drug delivery systems (for example, liposomes, albumin 
20 microspheres, microemulsions. nano-particles and nanocapsules) , or xn 
n^acroemulsions. Such techniques are disclosed in Remington's 

Pharmaceutical Sciences, 16th edition, Oslo, A., Ed., (1980). To increase 
the serum half life of the antibody, one may incorporate a salvage receptor 
binding epitope into the antibody (especially an antibody fragment) as 
25 described in U.S. Patent 5,739,277, for example. As used herein, the term 
-salvage receptor binding epitope- refers to an epitope of the Fc region of 
an IgG molecule (e.g., IgGx, IgG., IgGa, or IgG,) that is responsible for 
increasing the in vivo serum half -life of the IgG molecule. 
FORMUIATIONS 

30 The WISP-1 antagonists described herein, are optionally employed in 

a carrier. Suitable carriers and their formulations are described in 
«^.. ^on»s Phar ^^^^n^-i^al Sciences, 16th ed.. 1980, Mack Publishing Co., 
edited by Osol at al. Typically, an appropriate amount of a 
pharmaceutically-acceptable salt is used in the carrier to render the 

35 formulation isotonic. Examples of the carrier include saline. Ringer's 
solution and dextrose solution. The pH of the carrier is preferably from 
about 5 to about 8, and more preferably from about 7.4 to about 7.8. It will 
be apparent to those persons skilled in the art that certain carriers may be 
more preferable depending upon, for instance, the route of administration and 

40 concentration of active agent being administered. The carrier may be in the 
form of a lyophilized formulation or aqueous solution. 
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^ Accept,*le =arrl..=. eKClpianf. or .t«,ili.er, 

„onto.lo to cU, a„d/or recipient, at the do,„e, end concentr.txons 
ZZU and include ™ .«0. a, phospnate. citrate, and other or^enrc 
acL! .;tlo,id«.t. inci»Un, aacorhic acid and .ethionine; P"-'" 
5 „uch a, „ct.decyldi.»thyll,,nryl «™»ni»r. chloride, h,,.»ethonr», chloride. 
^li.oni- Chloride. .e„rethoni» chloride, phenol, b«,l or ^»»y 
alcohol, .ixyl Parahen. a„ch as methyl or propyl, paraben, catechol, 
rl oroinol, cyclohexanol, 3-pentanol, and .-creaol,, low .»lecular »er,ht 
Za tha; Let 10 reaiduea, polypeptide., proteina auch a, ser™ 
,0 .IhnaUn, oalatin. or i«,o,lobuli„a, hydrophiUc polymers auch .a 
polyvinylpyrrolidone, a^no acida auch as glycine, ,luta»i„e. 
LtidiL, ar^inine. or lyaine, .cnoaacch.ridea. dia.ccharrdes, and other 
rarhonydrates includih, ,lucoae. .annoae, or d.xtrins, chelatrn, a,ent 
auch a. EDTA, a«,ara auch aa aucroae, .^nnitol. trehaloae or aorbrtol. 
,5 ralt-forln, couhter-ions auch aa aodiu., «.d/or „o„-io„ic aurfactanta auch 
as TWEEN™, PLORONICS™ or polyethylene glycol (PEG) . 

The formulation n.ay also contain more than one active compound as 
-necessary for the particular indication being treated, preferably those 
with complementary activities that do not adversely affect each other 
20 The antagonists described herein may also be entrapped xn 

Microcapsules prepared, for exan^le, by coacervation techniques or by 
interfacial polymerization, for exa^le, ^Vdroxymethylcellulose or gelat 
microcapsules and poly- (methylmethacylate) microcapsules -^P-^^^^^'J^ 
colloidal drug delivery systems (for example, Ixposomes, albumen 
25 microspheres, microemulsions, nano-particles and "^"^'^^IJ^J:^ 
^acroemulsions. Such techniques are disclosed .n R^xngton^ 

o>...n..^.ni-ical sciences 16th edition, Osol, A. Ed. (1980). ^ . 

to be used for in vivo administratxon should be 

sterile. This is readily accomplished by filtration through sterxle 

30 filtration membranes. 

su.tained-.el«.. preparations may be prepared. Suitable exaMplea of 
• auatained-releaae preparatlona include se>^per.»able -atricea of aolrd 
hydrophobic poly^era containin, the active agent, which »tr.c., ar, in the 
of ahaped articlea. a.,. til«a. or adcrocapaule, . E,».*lea of 
35 u'ained-raiaaa »trice, include polye.tera, hydrocele ,for eKa»pla, 
; ly rhydrcyethyl^thacrylat.,. or poly.vinylalcohol, , , -^'-^ - 
'„.S. pat. »o. 3.773.919). copplyera of I-gluta^c acrd and ^ ^"'-'■J 
,lut»«t., .o»-de,r,d.ble athylena-vinyl acetate, degradable lactrc acrd 
Ilycolic add copolymers auch as the LOPE* DEPOT- .xnject^le 
40 McrrapLes composed of lactic acid-glycolic acid copolymer and e^rolrd, 
acetat:,, and poly-D- ,-, -3-hydroxyhutyric acid. ^'^^^^Zl " 

ethylene-,inyl acetate ».d lactic ,cid-,l,coUc acrd enable release 
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molecules for over 100 days, certain hydrogels release proteins for shorter 

time periods. 

MODES OF THERAPY 

The molecules described herein are useful in treating various 
pathological conditions, such as cancer. These conditions can be treated 
by administration of one or more antagonists described herein. 
Diagnosis in mammals of the various pathological conditions described 
herein can be made by the skilled practitioner. Diagnostic techniques are 
available in the art which allow, e.g., for the diagnosis or detection of 
cancer or immune related disease in a mammal. For instance, cancers may be 
identified through techniques, including but not limited to, palpation, 
blood analysis, x-ray, NMR and the like. 

The antagonist (s) can be administered in accord with known methods, 
such as intravenous administration as a bolus or by continuous infusxon 
over a period of time, by intramuscular, intraperitoneal, 
intracerebrospinal, subcutaneous, intra-articular, intrasynovial, 
intrathecal, oral, topical, or inhalation routes. Optionally, 
administration may be performed through mini-pu,.^p infusion using various 
commercially available devices. The antagonists may also be employed usang 
) gene therapy techniques which have been described in the art. 

Effective dosages and schedules for administering antagonists may be 
determined empirically, and making such determinations is within the skill in 
tAe art Single or multiple dosages may be employed. It is presently 
believed that an effective dosage or amount of antagonist used alone may 
5 range from about 1 ,ag/kg to about 100 mg/kg of body weight or more per day. 
interspecies scaling of dosages can be performed in a manner known .n the 
art e^, as disclosed in Mordenti et al., Pharmaceut. Res., 8:1351 (1991). 

When iii vivo administration of an antagonist thereof is employed, 
normal dosage amounts may vary from about 10 ng/kg to up to 100 mg/kg of 
30 mammal body weight or more per day, preferably about 1 ug/kg/day to 10 
mg/kg/day, depending upon the route of administration. Guidance as to 
particular dosages and methods of delivery is provided in the literature; 
see, for example. O.S. Pat. Nos. 4,657,760; 5,206,344; or 5,225,212. It is 
anticipated that different formulations will be effective for different 
35 treatment compounds and different disorders, that administration targeting 
one organ or tissue, for example, may necessitate delivery in a manner 
different from that to another organ or tissue. Those skilled in the art 
will understand that the dosage of antagonist that must be administered wxll 
vary depending on, for example, the mammal which will receive the agonist or 
40 antagonist, the route of administration, and other drugs or therapies being 
administered to the mammal. • 
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depending on the type of cells and/or severity of the disease, about 
Depending y antagonist antibody xs an 

1 vg/kg to 15 mg/kg {e.g. 0.1-20 mg/kg) 

initial candidate dosage for administration, whether, for exa , y 

separate adioinistrations, or by continuous xnfusxon. A typxcal 
or more «eP^"^« ^^/kg or more, depending 

daily dosage might range ^«-j'>-^J J^^^ administrations over several 
on the factors mentioned above. For repea ^^^^^^^^ sustained 

or longer, J ^^J/r ^^^^^^^^ other 

until a desired suppression of disease syn^Jx- 

TsP Hntlbody It i= =o„te,^l.ted th.t yet ^tl»»al th.r,pi.» »y 
Rituxan™ or Herceptin™ as well as anri ang y 



VEGF. 



« „,ea .ccoraln, to ».«f.=t»r,.s. Instruction, or a. d,ter..„.a -P- 

the .ml.d practitioner, .reparation and aoa.n, schedniea for »uc^ 
.ISO described in aie»otlier.py Servi.c Ed.. M.C. Perry, 
rir^irr-aatti^re. » - -otn.rap,„tic a,ent »^ 

precede, or folio- aa»inistration of. e.g. an antagonrst, or ».y be ,r.o 
30- rrita eonsly therewith. T.. antagonist, for instance -Jiao be 

^ined »itn ». anti-oestrogen ^^^^ " /^rrgerrorfor snob 
prososterona s»ch as onaprlston. (see, EE 616812) 

°°''°?tly be desirable to also a^nister antibodies against other 
„ a„tige^,"sL as antibodies „bicb bind ^^^^ Z ^Z'' 

ErbB.. EC^, Erb.3, J^^f "^^T J. • ™ti,el„ 

TJ:^JTZ rlrariUTe; ^in^m, tne or t-o or ^re 

or in adOLtion, x:wo *«w . «j c,+.«T-e*H to the patient. 

Afferent antigens disclosed herein may - ^re cytokines 

40 sometimes, it may be beneficial to also administer one or mo y 
to the patient. In one embodiment, the antagonists herein are 
to the patxem:. x example, the growth 

administered with a growth inhibitory agent. For examp. 
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Hibitory agent .ay" be adrainistered first, followed by an antagonist of 

the present invention. - therapies may be administered 

The antagonist and one or more other therapxes may 

•concurrently or sequentially. Following administration of antagonist, 

ired cells in vitro can be analyzed. Where there has been in v.vo 

ZT^n., a treated ma^l can be monitored in various ways well lo^own to 
• »the skilled practitioner. 

ARTICLES OF MANaFfi^CTURE 

anotner -^.fc* tb. i.ve„t.o». a„ ,«iclo o. ~— 

abo^a. provide... The artlcl. of „a„„.a=tu,:. comprises a cont..n„ and 
T7Zl. suitable container, inolude, for ex»ple. bottle,, v.als 
„rin,es. and te.t tubes. TKe container, »y be for.ed fro» a 
leriax, .uob aa ,i.3S or Piaatio. «e '-'^''^'^ 
„Hicb ia effective for treatin, the condition .»i ~y ha« a 
port ,for e>=^le the container ™y be an intravenona 'or...on^ or a 
,ial ba,i„, a ato^ pi.rc.«.le b, a hypodermic rn.ec ron needieK^ The 
,cti« agent, in the- composition «ay conpriae antagonrat.a, . «>'J»^=- 
er aasociated with. • the container indicate, that the co^artron x, need 
or d&owv. ^ . ^ article of manufacture may 

for treating the condition of choxce. The article °\ 
further comprise a second container comprising a pharmaceutically 
acceptable buffer, such as phosphate-buffered saline. Ringer's -l"^--^ 
::2os. solution. Xt may further include other ^-^^/^^^^^ 
a commercial and user standpoint, including other buffers, diluents, 
fWs, needles, syringes, and package inserts with instructions for use 

The following examples are offered for illustrative purposes only, 
and are not intended to limit the scope of the present invention xn any 

All patent and literature references cited in the present 
specification are hereby incorporated by reference in their entirety. 

EXI^MPIiES 

co^erciaily a,aiiabie reagent, referred to in the eKa«ies -er. used 
according to manufacturer', inatruotion, unle,, otherwise J^' 
alee Of those ceiia .identified in the foiicing »«»ple„ 
the specification, by »CC accesaic. n^ber, is the i»»r.ca. ^VP= ™ 

CoXiection. »ar ™. unless otherwise noted, the present invention 

use, standard procedures of rec»bin.nt D» '"'"""'^ 
..scrib^ hereinabce and in - ^^r; ^ 1 ! 
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described nereinaoove — — - „ „^ m v 

« Molecular Clonin,.- . leboratory «,n„.l. Cold Spring "arbor Pr«s 

1,89; Auaubel et al., curren. Protocol, in •"'""""'""^■ ^ 
publishing Associatea and «il.y mteraclence, ».V., 1989; Innr, et 1., PCR 
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Protocols: A Guide to Methods and Applications, Academic Press, Inc., N.Y.,- 
1990; Harlow et al.. Antibodies: A Laborator:y Manual, Cold Spring Harbor 
press, cold Spring Harbor, 1988; Gait, M.J., Oligonucleotide Synthesis, IRL 
Press, Oxford, 1984; R.I. Preshney, Animal Cell Culture, 1987; Coligan et 
al.. Current Protocols in Immunology, 1991. 

A description of the assays and materials referred to in the 
following Examples is provided below: 

Piroteins and Antibodies: Full length human WISP-l-Fc fusion protein 
was expressed and purified as described previously (Desnoyers et al., 
, Biol. Chem. , 276:47599-47607 (2001)). Purified mouse anti-rat CD44 

antibody (clone OX49) was from BD Bioscience (Bedford MA). The mouse IgG2a 
isotype control antibody was from Pharmingen. The FITC conjugated mouse 
anti-rat CD44 was from Serotec (Raleigh, NC) and the FITC conjugated mouse 
IgGl isotype control antibody was from DAKO (Denmark) . The rat anti-mouse 
5 CD44 (Clone KM114) was from Pharmingen. The actin antibody (clone C4) was 
from ICN biomedicals (Aurora, OH) . Murine anti- human WISP-1 monoclonal 
antibodies were generated and selected using WISP-l-Fc as an immunogen and 
the protocols and reagents described in the Examples of OS Patent No. 
6,387,657 issued May 14, 2002. Five such monoclonal antibodies have been 
0 • deposited by ApplJ-cants with the ATCC, as noted below. 

Cells and Tissue Specimens; NRK-49F and SW480 cell lines (ATCC, 
■ Manassas, VA) were maintained in High glucose Dulbecco's Modified Eagle's 
Medium (HGDMEM) supplemented with 10% fetal calf serum (FBS) . Parental 
C57MG, C57MG expressing Wnt-1 (C57MG/Wnt-1) , NRK-49F expressing high levels 
25 of hWISP-1 (NRK/WISP-IH) , NRK-49F expressing lower levels of hWISP-1 

(NRK/WISP-IL) and NRK-49F containing an empty vector (NRK/control ) were 
obtained from Arnold Levine (Princeton University, Princeton, NJ) and 
maintained in media containing 2.5 yg ml'^ puromycin (Xu et al.. Genes 
Dev., 14:585-595 (2000)). Wnt-1 transgenic mice obtained from Harold Varmus 
30 (National Cancer Institute, National Institutes of Health, Bethesda, MD) 
were bred with p53 null mice obtained from Jackson Laboratories (Bar 
Harbor, MA) to generate the Wnt-1 trangenic/p53 knock out mice. Specimens 
of breast tumor and mammary duct epithelium were excised from those mice 
for analysis* 

35 Particle Exc lusion Assay: The erythrocyte sedimentation assay was 

used as described previously, with minor modifications. (Knudson et al., 
Cell sci , 99:227-235 (1991)). NRK/WISP-1 ((normal rat kidney fibroblasts 
transfected with WISP-1; see Xu et al., Genes Dev. , 14:585-595 (2000,) and 
NRK/control cells (normal rat kidney fibroblasts; obtained from Arnold 

40 • Levine, Princeton University, Princeton. NJ, (1 X 10^ cells/well) were 

seeded in Falcon 6 well plates (Becton Dickinson, Franklin Lanes, NJ) and 
maintained in high glucose Dulbecco's modified Eagle's Medium supplemented 
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W . ,™c.^ /tife Technologies, Gaithersburg, MD) 

with 10% fetal bovine serum (FBS) (Life Teen y 

witn 4.U-" media was removed and 10 

. ,4- no r 5% CO». The next day, mc*"" 
overnight at 37 C, S'S ^-"2. PBS/0.1% BSA 

.photo camera (Japan) . 

s^,.l„)-l - ^■■'^■■■^°<' Hyaluronan 

^^'^ , .J „ „.,lously described, »lth minor »<xli£ic»lr<.n» 

r „rd asl cr^ *o,e, c«r,l,« at 37-c, 5. CO.. The 
and maintained (as aesci:iw«« fixed 
■da, the C.X1B »,re washed with phosphate buffered sal.h <P^) ana f.xed 
»ith 4% parafor^ldehyd. In PBS for 20 .inutea at roc te^er.tuxe. 
Itlls were washed with PBS and the non-specific blndin, sites were 
satlred for 30 nlnctes with distilled water COhtalnln, l~e seru. 
. ,«^^x n 1* Triton X-100 (Calbiochem, LaJolla, - 

",i:trd'rbi:di:;:t:ei„ .sei.,.- -nca. ..i»o»th. 

. .W- Xn PBS/3. BS., was added «d ;;^„~r;^^^^^^^ f„r 
:nn:r:itr:,:: : alea strepte^ldm crplnten. 

: r ":,BS., The ceus were washed In PBS. „„nted usln, .ectashreld 
,B»rll„,».e, C, containing 1 .,/^ Hoechst 333« «° 

— - "i:rw::nrr."ra::r;^^^^^^^^^^^^^^ 
rrr.; -r;:nr.::.r.th ««.i. «3 oc,.ter. re 

,^s also used to stain frozen ■ section, of «»ary t»»rs fro» »nt 1 

"""SH^TbI^ -atlve expression le^l was determined usln, 
, M„e RI-PCB as br^vlously reported (Winer et .1., »nal. Bioch.. ^. 

To :::: -.i ... ^--ed fro. 

usln, the manufacturer- ..protocol (Holeculer Research Center Specrfi 
pZr. and fluorogenlc probes were desired and used to a^Ufy and 
■ ^ntltati ,ene expression level. The ,e„es specific signals were 
,S Trmallzed to that of the ,lycer.ldehyde-3-pho=phate -V^-h-^ 
housed ,e„e. Triplicate sets of dat, ™^'" ^rd 

..■^4™ ail Tat«an RT-PCR reagent, were purchased from Applied 
condition. "1 J'-^* ^ cf r.cc-,ina„t »ISP-1 on 

BlosysteiBS (Foster City, ou . ■ . „itH -75 

oetri dishes (35 im) were coated overnight at 4 c with 75 

* :Lred o^r cc^d sur'fac, and the expression analysis was performed 
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Her 18. hours. In certain cases the coated surface was washed and treated 
for an additional 2 hours at room temperature before cell were needed. 

FACS Analysis: Cells were harvested by trypsinization, washed with 
PBS and incubated in PBS 1% BSA/ 20% glucose containing 1 pg ml ^ 
conjugated anti-CD44 (Serotec, Ealeigh, NC) or an isotype control Ab DAKO, 
Denmark) for 30 minutes at room temperature. Cells were washed wxth the 
same buffer and analyzed on an EPICS XL-MCL (Coulter, Miami, FL) . 

western Blot: NRK/C and NRK/WlH were cultured to confluency xn 10 
cm^ plates. The cells were washed with PBS and extracted with 300 m of 1% 
Xriton-XlOO in TBS for 5 minutes. Proteins were precipitated by addxng 10 
volumes of acetone to the extract. Samples were reduced, denatured and 
loaded on a 4-20% gradient SDS polyacrylamide gel. The gel was transferred 
to PVDF membranes and probed with a anti-rat CD44 antibody (OX49) or an 
anti-mouse CD44 (KM114) at a 1 ^g/ml concentration and detected using a 
HRP-conjugated anti-mouse IgG secondary antibody and the Amersham ECL 
detection reagents. Actin detection in the samples was used as loa^xng 

control. . ^ , 

scatter Assay: The cells were plated in 24 well plates at low 
concentration (-1000 cells/well) and allowed to form colonies over 3 days. 

The cells were stained using Diff-Quik (Dade Behring, Newark, DE) and 
colonies were observed under the microscope. 

.,.»„H «..lina Assay: Cell migration was evaluated usxng a cell 
wound healing assay previously described with minor modifications 
(Pienimaki et al., O^^iol^^h-. 276:20428-20435 (2001,). Brxefly, cells 
were cultured until they reached confluency. One line (~1 mm) was drawn xn 
the cell layer using a micropipette equipped with a disposable yellow txp. 

cell migration over the cleared area was monitored by time lapse 
ndcroscopy over 15 hours. The area newly occupied by the cells after thxs 
period was measured using «IH image software calibrated with a stage 

""'°^:!!\..... Microscopy: Cells were plated in HCDMEM/10% ^S and their 
random migration was observed for 15 hours using time lapse microscopy. 
The distance covered by the cells was measured using NIH image software 
calibrated with a stage micrometer. 
, . M. „...ion Assay: Haptotaxis was measured using a modified Boyden 

• chanO^er system as described previously (Bourguignon et al., ^-^^^-^n^' 
275:1829-1838 (2000))- The underside of 8 pm porosity 24-well format PET 
membrane filters (Falcon) were coated overnight at 4-C with 50 pi of 
protein (50 pg ml-) in PBS. The coated inserts were rinsed in ---f-- 

9 media and 0.5 X 10^ mK cells in 0.5 ml HGDMEM/10% FBS were added to the 

• upper chano^er. The lower chamber was filled with 0.75 ml of the same medxa 
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IL the plates were incubated overnight at 37-C. The next day the upper 
chaznber was wiped with a cotton swab and the cells that migrated to the 
• lower side of the insert were stained with the Diff-Quik Stain Kit (Dade 
Behring Inc.) and counted under the microscope. Triplicate sets of data 
5 were averaged for each condition. 

in certain cases, the coated inserts were washed and treated for an 
additional 2 hours at room temperature. 

r„ o,-.,. Hvt.ridization: PGR primers were designed to amplify either a 
740 bp fragment of murine WISP-1 spanning from nt 440-1180 of NM_018865 
10 (upper- 5' GGCTGCCATCTGTGACCCA (SEQ ID NO: 12) and lower- 5' CATAGGACCT . 
GCCGGGAGAA A (SEQ ID NO: 13)) or a 706 bp fragment of murine WlSP-1 
spanning from nt 204-910 of NM_018865 (upper- 5' GCCGTGGCAGTCCTGAGGG SEQ 

• ID NO-14) and lower- 5' CAGCACCGGG CATTGACGTT A (SEQ ID N0:15)) or a 464 bp 
fragment of murine CD44 spanning from nt 144-608 of M27129 <"PP-- ^' 

15 TGGAGAAAAATGGCCGCTAC A (SEQ ID N0:16))and lOwer-S' TGGGGTGCTC TTCTCGATGG 

• (SEQ ID NO:17)) or a 630 bp fragment of murine HAS2 spanning from nt 927- 
1557 of NM_008216 (uppeir- 5' GGACAAATCGGCCACGTACA T (SEQ ID NO:18) and 
lower-5'-CTTGCTCCAT CGGGTCTGC (SEQ ID NO:19)) • Primers included 
extensions encoding 27-nucleotide T7 or T3 RNA polymerase initiation sxtes 

20 to allow in viiro transcription of sense or antisense probes, -^P-^J"-^^' 
from the amplified products. (Lu et al., Cell_Vision, 1:169-176 (1994, . 
All tissues were fixed in 4% formalin and paraffin-embedded. Sections 3-5 
microns thic. were deparaffinized, deproteinated in 4 mg/ml of protexnase K 
for 30 minutes at 37 and further processed for in situ hybridization as 
25 previously described. (Holcon*, et al., EMBOO., Aug 2000 1;19 (15) : 4046-55, . 
33P.0TP labeled sense and antisense probes were hybridized to the sections 
at 55-C overnight. Unhybridized probe was removed by incubation in 20mg/ml 
RNase A for 30 minutes at 37»C, followed by a high stringency wash at 55 
in 0 1 X SSC for 2 hours and dehydration through graded ethanols. The 
30 slides were dipped in NBT2 nuclear track emulsion, exposed in sealed 

plastic Slide boxes containing dessicant for 4 weeks at 4 «>C, developed and 
counterstained with hematoxylin and eosin. 
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EX7\MPIiE 1 

Stable fibroblast cell lines expressing high (NRK/WISP-IH) or low 
(«RK/WISP-1L, levels of WISP-1 and a control cell line containing an empty 
vector (NRK/control, were used to evaluate the effect of ^^^^"^ ^ ^ 
production. As demonstrated by the particle exclusion assay, 
Lis accumulated a large hyaluronan pericellular coat capable of excluding 
sedimenting erythrocytes (Fig. la,. NRK/WISP-IL accumulated ^ -^^^^^ 
pericellular matrix (Fig. lb, whereas no matrix ^^^^^^-^^^^ 
^rig ic) or NRK/WISP-IH cells treated with hyaluronidase (data not shown, . 
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#cu.ulation of cell surface associated HA was ^'^^^^^^'^^l^'' 
fluorescent staining using the biotinylated HA bindxng protexn ■ 
The staining revealed HA accumulation at the NRK/WISP-IH cell surface (Fig. 
id) Whereas no staining was detected on NRK control cells (Fxg. le) 

The effect of WISP-1 on HA secretion was evaluated by co.parxng the 
accumulation of HA in the culture raedia of NRK/WISP-IH to NRK/control cells 
o: rle. After 24 hours, HA concentration in the «HK/WXSP-1H .ed.a was 
3.5 fold greater in «^/control cell media and gradually increase^^^^^ 
fold after 144 h (fig. If). Together these results show that WISP 1 
expression in .RK cells promotes HA accumulation at the cell surface and xn 
the culture media - 

EXT^PLE 2 

TO identify the enzyme responsible for the WISP-1 triggered HA 
production, the expression of the ^own HA synthases (HASl HAS2 a^d HAS3) 
in NKK/WISP-IH, KRK/WISP-II. and NHK/control cells was analysed ^S2 

• „ increased up to 10 fold in WISP-1 producing cells whereas 
expression was mcreasea up to 

HASl and HAS3 mRNA levels were identical to the control (F.g. 2a) . CD44 

^ levels were also increased in .KK/WXSP-1 cell ^-esw-ea^ 
. .yaluronidase expression regained unchanged (Fig 2a). Moreover, HAS2, CD44 
and RHAMM mRNA levels were proportional to WISP-1 expression. As 
demonstrated by FACS analysis (Fig. 2b) and Western blot ' ^^^^ 

increase in CD44 mRNA expression in the «RK/WISP-1H cells resulted xn a 
fold increase in CD44 protein level. 
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EXAMPLE 3 
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^ „a. ,hc»„ to 3ti«ul.t. cell »19rati=„ by interacting «ith two cell 
,„,«ce ..cepto„. C04. and HH«, ,Hall ,t 1., ^"^B^ 
.„p„ l . Beca.se WISP-1 in=.e..~i both >A production and CD44 ».d 

Lon. the »tiUt, o. «SP.l «:pr„3in, cella was evaluated^ wnen 
plld at a low density. »«/control cells proliferated end forced well 
deemed colonies ..i, 3... Proliferating ..RK.WISP-l. eel s 'or..d leas 
defined groups as so.e cells departed £ro» the growing f _ 

»o »BK/WISP-1B colonies were seen, cells scattered in a rando. pattern <rig 
3c,. contrary to the control (Fig. 3d), WISP-1 expressing cell, also 
revealed a hyper elongated morphology with extended lamellipodia 
crrscteristfc of high utility ,Fig. 3e, . Osin, ti«e Ispse poroscopy, ■ 

fold increase in the i^gration distance of „«K^ISP-1H was observed 
cc^ared to control cells (Fig. 3f , . HRK/WISP-IH also showed a 2.5 
increas. in .^gration area in a cell wound healing assay 
Together th.s. results demonstrate that WISP-1 expression may promote cell 

migration « 
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EXAMPLE 4 

TO determine whether the ectopic addition of WISP-1 could promote 
HAS2 expression and cell ndgration, an assay was conducted using purxfxed 
HAS^ express »„nra) WISP-1 addition to the 

recombinant WISP-l-IgG (Desnoyers et al., sugra) . «xsf 

culture media did not promote HAS2 expression (data not shown) . When «RK 
cells were plated onto a WISP-l-IgG coated surface, HAS2 expression 
increased compared to cells plated onto uncoated plastic or onto an 
irrelevant IgG chimeric protein (TNFR-IgG) coated surface (Fxg. 4a) 
irrexeva y HAS2 expression, this induction was further 

Although deoorin alone promoted HAS2 express ^ ^ ^ ^.^^ „tsp-1 

increased three fold aft.r the coated surface was xncubated wxth WISP 1. 
The effects of ectopic WISP-1 addition on «RK cell migration were also 
examined. In a transwell assay, WXSP-l-IgG induced the ^^P^^^^^" 
migration of NRK cells when coated on the filter's lower surface (Fxg. 4b,. 
Toatilg Of an irrelevant XgG chimeric protein (^..-XgG, or addx ion of 
WISP-l-IgG to the lower chamber did not promote migratxon. A CD44 or a 
WISP-1 antibody (Pig. 4b, inhibited the haptotactic migration xnduced by 
WISP-1. Moreover, WISP-1 haptotactic activity was not limited to 
fibroblasts as it also promoted the migration of SW480 cells a colon 
adenocarcinoma cell line (Fig. 4c). Together these results ^^-^-^^^ 
that ectopic WISP-1 addition increases HAS2 expression and promotes cell 
Migration through a CD44 mediated mechanism. It is believed -ough not 
fully understood, that WISP-1 presentation may be important for mxgratxon 
as it may need to be tethered to a substrate to elicit this actxvxty. 

EXAMPLE 5 

Because WISP-1 is believed to be a downstream effector of Wnt-1, . 
WISP-1, HAS2 and CD44 expression in a mai^ry epithelial cell Ixne stably 
transfected with Wnt-1 (C57MG/Wnt-1, were analyzed. When compared to the 
control cell line (C57«G, , C57MG/Wnt-1 cells showed a 2.7, 5 8 and 3 o d 
• increase in WISP-1, HAS2 and CD44 mR«A expression respectxvely ^^-^^ ' 
AS demonstrated by Western blot, C57/Wnt-1 cells also showed a 6-fold 
AS aemonst jr Moreover, unlike the control 

increase in CD44 protexn content (Fxg. 5b) . Moreo , 

• ^ „«,n failed to form distinct colonxes and 
cell line, Wnt-1 expressxng cells faxiea zo roim «u. 

; altered When put in culture at low density (Fig. 5c, . ^ 

that HAS2 and CD44 expression and cell motility are elevated in cell Ixnes 
where WISP-1 expression is triggered by Wnt-1. 

^ EXAMPLE 6 

, >.„t-l expression in m^-ar, epithelim. pio«.te, t™«.r de™iop.,„t in 

„ans,enic mice et ex.. o=ooa«a, i,=1002-100. ,2000,, -=»>»~" 
el., Lik. 55=6i9-62S ,I988.>. Because «XSP-l,i. » potetive dc«n,trea. 
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#fector of Wnt-1, the .RNA expression of HAS2 and CD44 in spontaneous 
.anonary tutors fro. ^V-Wnt-1 trangenic ndce was measured. --P^^^ 
to n^ary duct epithelium, HAS2 mRNA expression was increased between 2.5 
and 5 5 fold in all maimaary tumors analyzed (n-5; Fig. 5d) . Sxmxlarly, 
CD44' mRNA expression was induced between 2.2 and 4.2 fold in all tumors 
ln=5; Fig 5e) . These results show that HAS2 and~CD44 are overexpressed in 
i4MTV.Wnt-l trangenic mice mammary tumors expressing WISP-1, 
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0 ■ in situ hybridization demonstrated elevated WXSP-1 expression in the 

peritumoral stroma of MMTV-Wnt-1 transgenic mouse ma^mtary tumors (Fxg. 6a, 
h). in contrast, HAS2 (Fig. 6c-d, and CD44 (Fig. 6 e-f, -P^-^^ 
found only in tumoral epithelial cells. The localization of CD 4 .„ the 
tumor parenchyma was confirmed by ixtoaunohistochemistry (Fig. 6g) L.nK 
15 protein staining revealed an accumulation of hyaluronan associated with 
tumor stroma (Fig. 6h) . The highest staining intensity was found xn the 
inaaediate vicinity of the tumor lobule whereas weaker staining was 
• localized to the normal maioma^y duct epithelium. These findings are 
consistent with the suggestion that WISP-1 may regulate --"^^^^'^^^^^ 
20 between tumor and stromal cells that involve hyaluronic acid and CD44. 

EXAMPLE 8 

The metastasis and growth potential of transformed ^^-^ 
evaluated as described previously (Welch et al., Cance^^, ^^-^^^^""^^ 
25 (2000) ) . Nine-week-old Swiss nu/nu female mice were used. Brxef ly, cells 
Te Ivested by trypsinization and washed twice with PBS. Bach mouse was 
injected into the lateral tail vein with 100 ^1 of a suspension contaxnxng 
5 X 10* or 2 5 X 10^ cells. At 2, 3 and 4 week post injection, mice were 
examined using cine-magnetic resonance imaging (MRI) for apparition of 
■30 pulmonary lesions and necropsies were performed. The lungs were perfused 
in Bouin's fixative, excised and H.E stained sections were generated for 
evaluation of pulmonary tumor colonization. 

Longitudinal sections of the left lung, and a single 
section of the cranial, medial, caudal, and accessory l^*'- '^^'^^ 
35 lung were evaluated. Histologically, affected lungs had spindloxd 

neoplastic cells that infiltrated the pu3^onary interstitium. However 
becLse the severity of the changes was variable the following gradxng 
system was established. i„„„ 

40 1= .Hectea. ».sts and cluster, of api„.Ucia neoplastic caUs ocalXy 
disrupt t^a pul-onary intarstitlu.. «f,ct»i foci are coM»nly alon, 
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♦eural surface, extending into the iaterstitium. No vessels or large 
airways are affected- 

II = Moderate involvement of the pulmonary interstitium - 20 - 50* of the 
lung is affected. Nests and clusters of spindloid neoplastic cells 
multifocally disrupt the pulmonary interstitium. Some vessels or large 
airways are filled with spindloid cells. Spindloid cells frequently form a 
broad band or large mass subjacent to the pleura and extending into the 
interstitium. Overlying mesothellum is plump (reactive) . 

III = severe involvement of the pulmonary interstitium - 50- 100% of the 
lung is affected. Nests and clusters of spindloid neoplastic cells 
multifocally disrupt the pulmonary interstitium. Blood vessels and large 
airways are filled with spindloid cells. Spindloid cells form a broad band 
or large mass subjacent to the pleura and extending into the interstitium. 
spindloid cells are often embedded in a pale basophilic to amphophilic 
acellular material. Overlying mesothelium is plump (reactive). Minimal 
unaffected area for gas exchange remains. 

The results of the lung colonization of nude mice inoculated with 
NRK/WISP-IH, NRK/WISP-IL and NRK/contr61 cells are summarized in Figures 7 
and 10 in mice inoculated with NRK/WISP-IH or NRK/WISP-IL, cells formed 
lung masses in a time- and dose-dependent manner. The most severe lesions 
were seen in mice injected with 2.5 XIO"^ NRK/WISP-IH and necropsied at 4 
weeks post-injection. At 2 and 3 weeks post-injection, the mice had less 
severe but progressive tumor formation (grade I - II; see grading system 
above) Mice injected with 2.5 X10» NRK/WISP-IL had only minimal lung 
■ tumor formation by 4 weeks post-injection. After 4 weeks post-injection, 
mice inoculated with 0.5 X10» NRK/WISP-lL cells were either normal or had 
ntinimal neoplastic infiltration (grade I), whereas mice injected with 0.5 
XIO^ NRK/WISP-IH cells showed increased neoplastic infiltration (grade I- 
II) Histological observation revealed that the lungs of animals 
inoculated with NRK/control cells were normal (Fig. 7a-c) . m NRK/WISP-1 
injected animal's, neoplastic spindloid cells initially formed small 
clusters within, protruding from, or subjacent to the pleural surface of 
the lungs (grade I; Fig. 7d-f) often embedded in a pale basophilic to 
amphophilic acellular material. In more severely affected animals, the 
neoplastic cells formed a broad confluent band subjacent to the pleura 
'(grade H; Fig. 7g-i) . In the most severely affected animals, blood 
vessels and large airways were filled with spindloid cells, (grade III; 
' Fig 7j-l) MRI analysis showed increased density (hypersignal) outlining 
the' right and left lungs along the pleura in animals with histologic grade 
I II and grade III invasion. Severity of the lesion on MRI was consistent 
with the histologic score (Figure 7a, d, g, j). These results indicate 
that WISP-1 expression promotes cellular metastatic growth potential. 
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EXM4PLE 9 

NRK/WISP-IH cells (2.5 X 10* cells) were inoculated in the tail vein 
of nude mice. Starting on the day of the cell inoculation, the mice were 
5 injected intraperitoneally twice a week with 10 ,ng/kg of a CD44 antibody, 
an isotype control antibody or with buffer only (PBS) . The lungs were 
fixed and excised after four weeks for gross anatomical analysi's. 

After 4 weeks, the severity of the lesions fobnd in CD44 antibody 
treated animals (n=5) varied from normal to grade I whereas all (n=10) 
10 animals treated with a control antibody or saline had grade III lesions 
• (Fig 8a) . The average area of metastatic foci in the lungs of animals 
treated'with CD44 antibody was reduced by 99% (P< 0.00003) compared to 
animals treated with a control antibody (Fig. 8b). 

15 EXAMPLE 10 

An assay was conducted to examine binding specificity o£ certain 
MISP-1 antibodies. Full length mouse WISP-1 (GenBank accession number 
NM_018865)and full length human klSP-1 (GenBank accession number AF100779; 
Fig 9) were cloned into an expression vector encoding the human IgGi Fc 
20" region downstream of the WISP-1 sequence. The resulting recombinant fusion 
protein (WISP-l-Fc) was synthesized in a baculovirus expression system 
using Sf 9 insect cells and purified to homogeneity from serum-free 
conditioned medium by affinity chromatography on a Protein A-Sepharpse 4 
Fast Flow (Amersham Pharmacia Biotech) . Full length human WISP-1 was also 
25 expressed with an amino terminal hexa-histidine tag (WISP-l-His) in an B. 
coll strain. The cell lysate was subjected to chromatography on a Ni *-NTA 
agarose column (Qiagen) . WlSP-1-His was eluted with a 0 to 500 mM 
imidazole gradient. Fractions containing the. eluted WISP-l-His were then 
pooled and dialyzed. Human WISP-1 from a mammalian eKpression system was 
30 obtained by lysing NRK cells stably transfected with human WISP-1 (Arnold 
Levine; Princeton Oniverslty, Princeton, NJ) with SDS-PAGE sample buffer. 
A control cell 'lysate was generated with NBK cells stably transfected wxth 
an empty vector. 

WISP-1 (50 ng) from various expression systems was electrophoresed on 
35 a SDS polyacrylamide gel and electro-transferred onto polyvinyldif luoride 
.(PVDF) membranes and probed with different WISP-1 monoclonal antibodxes. 

WISP-1 antibodies 3D11.D7 (also referred to herein as «3Dll"), 
11C2.C10 (also referred to herein as «11C2") , 9C11.C7 (also referred to 
herein as «9C11") and 5D4.F6 (also referred to herein as «5D4") bound 
40 specifically to WISP-l generated from baculovirus, bacterial and mammalxan 
expression systems '(Fig. Ha) - These antibodies did not bind to the murine 
WISP-1 from baculovirus and did not recognize any protein from the control 
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%ate. The mSP-1 antibodies 6F8, 3A7, 10H12, 3A11, 6B3, 3H10, 5G1, and 
lOBl recognized both human and murine WlSP-1 only when -generated with the 
baculovirus expression system (Fig. lib). These antibodies did not 
recognize human WlSP-1 when produced in a bacterial or mammalian expression 
• system. The antibody from clone 9C10 did not bind to any protein after 

''"'^Theirresults suggest that WISP-1 antibodies 3D11, 11C2, 9C11 and 5D4 
specifically recognize human WXSP-l and can be used for mSP-l detection by 
Western blot. 

EXAMPLE 11 

An assay was conducted to identify the epitopes recognized by the 
WISP-1 antibodies 11C2, 9C11, 5D4 and 3D11. 

Full length human WISP-1 (GenBank accession number AF100779) was 
cloned into a pIRESpuro2 expression vector (Clontech Laboratories, Palo 
Alto, CA) encoding 6 histidines downstream of the WXSP-1 sequence. 
Deletion mutants were also generated by removing one, two or three domains 
Of human WISP-1. The resulting contructs were also cloned into the 
pIRESpuro2 expression vector. The nomenclature used to identify the 
different WISP-1 contructs refer to the domains they contain, (see Fag. 
12B) Domain 1 is the insulin-like growth factor binding protein domaan 
(XFGBP), domain 2 is the von Willebrand factor C (VWFc) domain, domaxn 3 .s 
the thrombospondin (TSP) domain, and the domain 4 is the C-termxnal (CT) 
domain. The variable region resides between domain 2 and 3. These regxons 
and domains of WISP-1 are illustrated in Fig. 12A. 

The sequences encoding these domains of WISP-1 are as follows: 
Sequences of WISP-1 Constructs 

30 ir30^CTCCAGCCCCT»CS«X»TG«CT.T«CTC^ 
^^^TOGCC.TGIO«CrSCCC«CC.TCCC»CCC^ 

«00TCT»CTGIGi«T*C«GCG6SOACCGCCCa^GT^CGC«^TAGGA^^^^ 

aTC«CC»TCACCRICWT«GTGRGGCCGCATAGATl«CTSRTCC^^ 'S™ " 

35 NO: 3) 

^tLLtgaggtggttcctgccctggacgctggcagcagtgac^g^^^^^ 
^Ltggtcggtgtgo^tgcgtcctggatggggtgcgctacaacaacggccagtccttccag^ 

ACTGCAGTGGTCGGTe ^^^^^-_„-„gGGCTGCACACCACTGTGCCTCCGAGTGCGCCCCCCGCGTCTC 
40 AAGTACAACTGCACGTGCATCGACGGCGCGGTGGGCTGCACACCAC11.x«- „r.„^^r^r.r^nn^rJ,rCAC 
TGGTGCCCCCACCCGCGGCGCGTGAGCATACCTGGCCACTGCTGTGAGCAGTGGGTATGTGCGGCC^^^ 

CATCACCATCACCATCACTAAGTGAGGCCGCATAGATAAC (SEQ ID NO: 4) 

« 

70 



20 



2S 



G«ATTCACCATt^TGGTTCCTGCCCT«3GAC«3CTGGCAGCAGTGA^ 
^CTGCAGCATGGCACAGG^CXGCATAGCCTACACAAGCCCCTGGAGCCC^^^^^ 

gtctccactcgg;.tctccaatgttaacgcccagtgctggcctg^gcaaga^^^^^ 

TGCG^TGTGGACATCCATACACTCATTAAGGCGGCCGCAC^CC^^^^ 
CATAGATAACTGATCCAGTGT (SEQ id NO: 5) 

gIIttcaccatgaggtggttcctgccctg^^^^ 

actgcagggaagaagtgtctggctgtgtaccagccagaggcatccatgaa™^^^ 
acacgctcctatcaacccaagtactgtggagtttgcatggacaataggtgctgcatccc^^^ 

ATCGACGTGTCCTTCCAGTGTCCTGATGGGCTTGGCTTCTCCCGCCAGGTCCTAT^^^^^ 

aacctgagctgtaggaatcccaatgacatctttgctgacttggaatcctaccctgact^ 

GCGGCCGCACACCACCATCACCATCACCATCAC 
ID NO: 6) 



ITAAGTGAGGCCGCATAGATAACTdATOaGTGTG (SEQ 



Doincii.n 1/2: 

GAATTCACCATGAGGTGGTTCCTGCCCTGGACGCTGGCAGCAGTGACAGCAGCAGCCGC^^^ 



ACGGCCCTCTCTCCAGCCCCTACGACCATGGACTTTACTCCAGCTCCACTGGAG^^ 
TTCTGCAAGTGGCCATGTGAGTGCCCGCCATCCCCACCrCGCTGCCC^^^^^^ 
TGTGAGTGCTGTAAGATGTGCGCTOVGCAGCTTGGGGACAACTGCACGGAGGCTGCCATCT 

\GGTACGCAATAGGAGTGTGTGCACAGGTGGTCGGTGTGGGC 

rCCTGGATGGGGTGCGCTACAACAACGGCCAGTCCTTCCAGCCTAACTGCAAGTA^^^ 
XGGTGGGCTGCACACCACTGTGCCTCCGAGTGCGCCCCCCGCGTCTCTGGTGC^^^^^ 



GGCCTCTACTGTGACTACAGCGGGGACCGCCCGAG 
TGCGTC 

^^TlcciG^CCACT^^^^^^ 
GTGAGGCCGCATAGATAAC (SEQ ID NO: 7) 

GllTi^;:^;L3TGGTTCCTGCCCTGGACGCTGGCAG^^^^ 
ACGGCCCTCTCTCXAGCCCCTACGACCATGGACTTXACTCCAGCT^^^^^ 
TTCTGCAAGTGGCCATGTGAGTGCCCGCCATCCCCACCCCGCTGCCCGCTGGGGGT^^^^ 
TGTGAGTGCTGTAAGATGTGCGCTCAGCAGCTTGGGGACAACTGCACGGAGGCTGCCATCT^^^^ 

GGCCTCTACTGTGACTACAGCGGGGACCGCCCGAGGTACGCAATAGGAGTGTGT^^^ 

TGCGTCCTGGATGGGGTGCGCTACAACAACGGCCAGTCCTTCCAGCCTAACT^^ 

GACGGCGCGGTGGGCTGCAC^CCACTGTGCCTCCGAGTGCGCCCCCCGCG^^^^ 

GTGAGCATACCTGGCCACTGCTGTGAGCAGTGGGTATGTGAGGACGACGCCAA^^^^^ 

CGTGACACAGGAGCCTTCGATGCTGTGGGTGAGGTGGAGGCATGGCACAGGAACTGC^^^^^ 

,^™'CCACCAGC.GCGGCC™C^^^^^^^ 
GAGCAAGAGAGCCGCCTCTGCAACTTGCGGCCATGCGATGTGGA^^^^^^ 



CACCAXCACCATCAQCATCACT. 



ftAGXGAGGCCGCATAGAIAACTGATCCAGXGXGCTGGA (SEQ ID N0:8) 
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Sinain 1,2,4: 

GAATTCACCATGAGGTGGTTCCTGCCCTGGACGCTGGCAGCAGTGACAGCAGOIGCCGCCAGCACCGTC^^ 
ACGGCCCTCTCTCCAGCCCCTACGACtaTGGACTTTACTCCAGCTCCACTGGAGGACACCTC^^ 
TTCTGCAAGTGGCOVTGTGAGTGCCCGCCa^TCCCCACCCCGCTGCCCGCTGGGGGTCAGCCTCATCAC^^^ 
TGTGAGTGCTGTAAGATGTGCGCTCAGCAGCTTGGGGACAACTGCACGGAGGCTGCCATCTGTGACCGCCACCGG 
GGCCTCTACTGTGACTACAGCGGGGACCGCCCGAGGTACGCAATAGGAGTGTGTGCACAGGTGGTCGGTGTGGGC 
TGCGTCCTGGATGGGGTGCGCTACAACAACGGCCAGTCCTTCCAGCCTAACTGCAAGTACAACTGCACGTGCATC 
GACGGCGCGGTGGGCTGCACACCACTGTGCCTCCGAGTGCGCCCCCCGCGTCTCTGGTGCCCCCACCCGCGGCGC 
GTGAGCATACCTGGCCACTGCTGTGAGCAGTGGGTATGTCTGCAGGCAGGGAAGAAGTGTCTGGCTGTGTACCAG 
CCAGAGGCATCCATGAACTTCACACTTGCGGGCTGCATCAGCACACGCTCCTATCAACCCAAGTACTGTGGAGTT 
TGCATGGACAATAGGTGCTGCATCCCCTACAAGTCTAAGACTATCGACGTGTCCTTCCAGTGTCCTGATGGGCTT 
GGCTTCTCCCGCCAGGTCCTATGGATTAATGCCTGCTTCTGTAACCTGAGCTGTAGGAATCCCAATGACATCTTT 
GCTGACTTG6AATCCTACCCTGACTTCTCAGAAATTGCCAACGCGGCCGCACACCACCATCACCATCACCATCAC 
TAAGTGAGGCCGCATAGATAACTGATCCAGTGTGCTGGAATTAATTCGCTGTCTGCGAGGGCCAGCTGTTGGGGT 

GAGTACTCCCTCTCAAAAGCGGGCATGACTTCTGCGCTA (SEQ ID NO: 9) 
Domain 1,3,4: 

GAATTCACCATGAGGTGGTTCCTGCCCTGGACGCTGGCAGCAGTGACAGCAGCAGCCGCCAGCACCGTCCTGGCC 

ACGGCCCTCTCTGCAGCCCCTACGACCATGGACTTTACTCCAGCTCCACTGGAGGACACCTCCTCACGCCCCCAA 

TTCTGCAAGTGGCCATGTGAGTGCCCGCCATCCCCACCCCGCTGCCCGCTGGGGGTCAGCCTCATCACAGATGGC 

TGTGAGTGCTGTAAGATGTGCGCTCAGCAGCTTGGGGACAACTGCACGGAGGCTGCCATCTGTGACCCCXACCGG 

GGCCTCTACTGTGACTACAGCGGGGACCGCCCGAGGTACGCAATAGGAGTGTGTGCGCATGCTGTGGGTGAGGTG 

GAGGCATGGCACAGGAACTGCATAGCCTAO^CAAGCCCCTGGAGCCCTTGCTCCACCAGCTGCGGCCTGGGGGTC 

TCCACTCGGATCTCCAATGTTAACGCCCAGTGCTGGCCTGAGCAAGAGAGCCGCCTCTGCAACTTGCGGCCATGC 

GATGTGGACATCCATACACTCATTAAGGCAGGGAAGAAGTGTCTGGCTGTGTACCAGCCAGAGGCATCCATGAAC 

TTCACACTTGCGGGCTGCATCAGCACACGCTCCTATCAACCCAAGTACTGTGGAGTTTGCATGGACAATAGGTGC 

TGCATCCCCTACAAGTCTAAGACTATCGACGTGTCCTTCCAGTGTCCTGATGGGCTTGGCTTCTCCCGCCAGGTC 

CTATGGATTAATGCCTGCTTCTGTAACCTGAGCTGTAGGAATCCCAATGACATCTTTGCTGACTTGGAATCCTAC 

CCTGACTTCTCAGAAATTGCCAACGCGGCCGCACACCACCATCACCy^TCACaVTCACTAAGTGAGGC^ 

TAAC <SEQ ID NO: 10) 
Domain 2,3,4: 

GAATTCACCATGAGGTGGTTCCTGCCCTGGACGCTGGCAGCAGTGACAGCAGCAGCCGCCAGCACCGTC 
CTGGCCACTGCAGTGGTCGGTGTGGGCTGCGTCCTGGATGGGGTGCGCTACAACAACGGCCAGTCCTTCCAGCCT 
AACTGCAAGTACAACTGCACGTGCATCGACGGCGCGGTGGGCTGCACACCACTGTGCCTCCGAGTGOXXXCC 
CGTCTCTGGTGCCCCCACCCGCGGCGCGTGAGCATACCTGGCCACTGCTGTGflGCAGTGGGTATGTGAGGACGAC 
GCCAAGAGGCCACGCAAGAGCGCACCCCGTGAO^CAGGAGCCTTCGATGCTGTGGGTGAGGTGGAGGCATGG^^ 
AGGAACTGCATAGCCTACACMUVGCCCCTGGAGCCCTTGCTCCACCAGCTGCGGCCTGGGGGTCTCCACTCGGATC 
TCCftATGTTAACGCCCAGTGCTGGCCTGAGCAAGAGAGCCGCCTCTGCAACTTGCGGCCATGCGATGTGGACATC 
CATACACTCATTAAGGCAGGGAAGAAGTGTCTGGCTGTGTACCAGCCAGAGGCATCCATGAACTTCACACTTGCG 
GGCTGCATCAGCACACGCTCCTATCAACCCAAGTACTGTGGAGTTTGCATGGACAATAGGTGCTGCATCCCCTAC 
AAGTCTAAGACTATCGACGTGTCCTTCCAGTGTCtTGATGGGCTTGGCTTCTCCCGCCAGGTCCTATGGATTAAT 
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^lcTGCTTCTGTAACCTGAGCTGTAGGAATCCCAATGACATCTTTGCTGACTT«^^ 
GAAATTGCCAACGCGGCCGCACACCACCATCACCATCACCATCACTAAGTGAGGC^^ 
TGTGCTGGAATTAATTCGCTGTCTGCGA (SBQ ID NO: 11) 

5 cells (HEK 293T) were transfected with the different constructs, and 

the culture raedia was collected after 48 hours. One milliliter of culture 
media was incubated with. 20 pi of cobalt-agarose for 1 hour, centrifuged 
• and washed. The adsorbed proteins were eluted by heating the pellet at 100 
-C for 5 minutes in 20 yil of SDS-PAGE sample buffer. The samples were 

10 electrophoresed, electro-transferred onto PVDF and probed with the 
different WISP-1 antibodies. 

Antibodies 11C2, 9C11 and 5D4 recognized only WISP-1 contructs 
containing the 19 first amino acids of the variable region located between 
domain 2 and 3 (Fig. 12C; 12E; 12G) . The WISP-1 antibody 3D11 recognized 

15 only WISP-1 contructs containing the domain 1 (amino acids 24 to 117; Fxg. 

12D; 12F) . ^ 

These results indicate that the antibodies 11C2, 9C11 and 5D4 
recognize specifically the variable region of WISP-1 whereas the antibody 
3D11 recognizes specifically the domain 1 of WISP-1. 

20 

EXAMPLE 12 

An assay was conducted to identify the epitope recognized by the 
WISP-1 antibody 9C10.F5 (also referred to herein as «9C10") . 

culture media from HEK 293T cells transfected with the various WISP-1 
25 deletion contructs (as described above in Example 11) was incubated wxth 1 
ug of WISP-1 antibody 9C10 and 20 ^xl of protein A-agarose for 1 hour at 
room temperature. The immunocomplex was precipitated by centrifugation and 
. eluted by heating the pellet at 100 »C for 5 minutes In 20 pi of SDS-PAGE 

sample buffer. The samples were electrophoresed, electro- transferred onto 
30 PVDF and probed with WISP-l antibody 11C2. 

The antibody 9C10 immunoprecipitated only constructs containing the 
domain 1 of WISP>1 (Fig. 13) . These results demonstrate that the antibody 
9C10 specifically recognizes the domain 1 of WISP-1 and can be used for 
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immxinoprecipitation. ^ 

EXAMPLE 13 

WISP-1 antibody 9C10 (100 pi of 2 pg/ml in carbonate buffer, pH 9.6) 
was coated to Maxisorb plates overnight at 4 'C. The plates were blocked 
with 200 pi of PBS/3% BSA for 1 hour. A standard curve was made of serxal 
dilutions of WISP-l-Fc (100 pi in PBS/3% BSA) and incubated for 1 hour. 
After the incubation, the plates were washed with 100 pi PBS/0.05% Tween 
and WISP-1 antibodies (100 pi of 2 pg/ml) in PBS/3% BSA (biotinylated 11C2 
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^ 55B) were incubated for 1 hour. For biotinylated 11C2, the plates were 
further incubated with 2 iig/ml HRP-conjugated streptavidin. For 55B, the 
plates are washed and incubated with HRP-conjugated donkey anti-rabbit IgG 
for 1 hour. At the end of the incubation, the wells were washed 6 times 

5 with 200 pi of PBS containing 0.05% Tween-20, and the signal was visualized 
using 100 pi of the horseradish peroxidase chromogenic substrate TMB 
(Kirkegaard & Perry Laboratories) . The reaction was stopped with 100 pi of 
1 M phosphoric acid, and the OD at 450 ran was measured. Non-specific 
binding was determined in parallel incubations by omitting microtiter well 

10 coating. No signal was generated when WISP-l-Fc or a WISP-1 antibody was 
omitted. 

Dsing the antibody 9C10 for capture and the antibodies 11C2 and 55B 
for detection, an ELISA was conducted capable of detecting concentration of , 
WISP-1 as low as 0.4 pg/ml (Fig. 14). This ELISA may be useful for 
15 detecting WISP-1 protein in biological fluids such as serum. 

EXAMPLE 14 

Maxisorb plates were coated overnight at 4 "C with 50 pl/well of 10 
pg/ml heparin (Sigma) . The non specific binding sites were blocked with 
20 200pl of PBS/3% BSA for- 1 hour. The plates were then incubated for 1 hour 
with 50 pi of 6 pg/ml hWISP-l-Fc in PBS/3% BSA in the presence of serial 
dilutions of MISP-1 antibodies. The plates were washed with PBS/0.05% 
Tween and further incubated 1 hour with 50 pi of 2 pg/ml HRP conjugated 
anti-human IgG-Fc in PBS/3% BSA. The plates were washed, and 100 pi of HRP 
25 substrate (TMB) was added. The color development was stopped with 100 pi 
of 1 M phosphoric acid and the OD at 450 nm was measured. 

The WISP-1 antibodies 11C2, 5D4 and 9C11 inhibited WISP-1 binding to 
heparin with an IC50 of 1.9, 2.5 ^d 3.7 pg/ml, respectively (Fig. 15). 
The antibody 3D11 moderately redbced WISP-1 binding to heparin with a 
30 maximal inhibition of 62% at the highest concentration tested (40 pg/ml) . 
The antibody 9C10 did not attenuate WISP-1 heparin binding, showing an 
inhibition curve similar to the irrelevant antibody control. 

These results demonstrate that antibodies recognizing the variable 
region can inhibit WISP-1 binding to heparin. Because the two WISP-1 
35 . antibodies recognizing domain 1 have little or no ef^'ect on WISP-1 binding 
to heparin, it is presently believed that the domain 1 is less likely to " 
participate in this interaction. 

EXAMPLE IS 

40 Haptotaxis was measured using a modified Boyden chamber system. The 

underside -of 8 pm porosity 24-well format PET membrane filters (Beoton , 
Dickinson, Franklin Lakes, New Jersey) were' coated overnight at 4 »C with 
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pi of protein (50 \xg/ml) in PBS- Normal rat kidney cells (NRK; 5 x 
10^/0.5 ml HGDMEM/10% FBS) were added to the upper. chaitODer, the lower 
chamber was filled with the same media and the plates were incubated at 37 
oc. The next day, the upper chamber was wiped with a cotton swab, and the 
5 cells that migrated to the lower side of the insert were stained and 

counted under a microscope. Triplicate sets of data were averaged for each 
condition. In certain cases, the coated inserts were washed and treated 
for an additional 2 hours at room temperature. 

In a transwell assay, WISP-l-Fc coated on the filters' lower surface 
10 induced the haptotactic migration of NRK cells (Fig. 16A) . Coating of an 
irrelevant IgG chimeric protein (TNFR-Fc) or addition of WISP-l-Fc to the 
lower chamber did not promote migration. In the presence of coated 
WISP-l-Fc, five different WISP-1 antibodies {9C10, 11C2, 3D11, 9C11, 5D4) 
markedly inhibited cell migratipn. In the absence of coated WISP-l-Fc, 
15 these antibodies did not show any effect on cell migration. These results 
demonstrate that WISP-1 antibodies can modulate cell migration in the 
presence of WISP-1. By blocking cell migration, WISP-1 antibodies may play 
an important therapeutic role in preventing cancer progression. 

A summary of the characteristics and properties of the 3D11, 9C10, 
20 11C2, 5D4, and 9C11 antibodies discussed in the Examples above is provided 
in Fig. 16B. 

EXAMPLE 16 

Nine-week-old Swiss nu/nu female mice were injected into the lateral 

25 tail vein with 100 ]xl of a suspension containing 2.5 x 10^ cells. Starting 
on the day of the inoculation, the mice were treated semiweekly by 
intraperitoneal injection (10 mg/kg) of WISP-1 antibodies (9C11, 11C2, 5D4, 
9C10., 3D11) or isotype control antibody. After 3 weeks, lungs were 
perfused with 4% neutral buffered formalin, excised and H&E stained 

30 sections were generated. Longitudinal sections of the left lung, and a 

transverse section of the cranial, medial, caudal, and accessory lobes of 
the right lung were evaluated. For each slide the number of metastatic 
foci was counted and the average area of metastatic foci was measured using 
the' SPOT RT software (Diagnostic Instruments Incorporated, Burlingame, 

35 California) . The area (pm^) was determined for at least five individual 
metastatic foci in four sections of lung. 

After 3 weeks, the severity of the lesions found in WISP-1 antibody 
treated animals was greatly attenuated compared to control (Fig. 17 a, b) - 
The number of nodules and the average area of the metastatic foci found in 

40 mice treated with WISP-1 antibodies {n=5) were reduced compared to animals 
treated with a control antibody (Fig. 17 c,d). Furthermore, upon WISP-1 
antibody treatment, the total pulmonary area covered by the lesions was 
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Iduced by 82-97% compared to animal treated with an isotype control 
antibody (Fig. 17e) . These results demonstrate the In vivo efficacy of 
WISP-1 antibodies at reducing the tumor burden related to metastasis. 
Although the mechanism of action of the WISP-1 antibodies is not fully 
understood, it is believed their efficacy may be mediated by a growth 
reducing ability and/or a capacity at inhibiting the motility, invasion and 
seeding of cancer cells at a tissue site. 

Deposit of Materxeil 

The following materials have been deposited with the American 
Type culture Collection, 10801 University Blvd., Manassas, VA 20110-2209, 
OSA (ATCC) : 

Material ATCC Deo. Ho. Deposit Date 
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30 



•35 



3D11.D7 



40 



Sept, , 2002 



Sept. , 2002 

15 11C2.C10 — 

Sept. , 2002 

Sept. , 2002 

Sept. , 2002 
9C11.C7 ^ — 



9C10 . F5 
504. F6 



This deposit was made under the provisions of the Budapest 
Treaty on the International Recognition of the Deposit of Microorganisms 
for the Purpose of Patent Procedure and the Regulations thereunder 
(Budapest Treaty) . This assures maintenaxxce of a viable culture of the 
deposit for 30 years from the date of deposit. The deposit will be made 
available by ATCC under the terms of the Budapest Treaty, and subject to an 
agreement between Genentech, Inc. and ATCC, which assures permanent and 
unrestricted availability of the progeny of the culture of the deposxt to 
the public upon issuance of the pertinent D.S. patent or upon laying open 
to the public of any U.S. or foreign patent application, whichever comes 
first, and assures availability of the progeny to one determined by the 
U.S. commissioner of Patents and Trademarks to be entitled thereto 
according to 35 OSC '122 and the Commissioner's rules pursuant thereto 
(including 37 CFR '1.14 with particular reference to 886 OG 638). 

The assignee of the present application has agreed that if a culture 
of the materials on deposit should die or be lost or destroyed when 
cultivated under suitable conditions, the materials will be promptly 
replaced on notification with another of the same. Availability of the 
deposited material is not to be construed as a license to practice the 
invention in contravention of the rights granted under the authority of any 
government in accordance with its patent laws. 



76. 



The foregoing written description is considered to be sufficient to 
enable one skilled in the art to practice the invention. The present 
invention is not to be limited in scope by the example presented herein, 
indeed, various modifications of the invention in addition to those shown 
and described herein will become apparent to those skilled in the art from 
the foregoing description and fall within the scope of the appended claims. 
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WHAT IS CIAIMED IS; 

• 1. An isolated WISP-1 antagonist which inhibits or neutralizes 
induction or secretion of HAS2, HA, CD44 or RHAMM by native WISP-1 
5 , polypeptide in at least one type of mammalian cell, said antagonist being 
selected from the group consisting of an anti-WISP-1 antibody, a WISP-1 
immunoadhesin and a WISP-1 variant. 

2. The antagonist of claim 1, wherein said antagonist comprises an anti- 
10 WISP-1 antibody. 

3. The antagonist of claim 2, wherein said anti-WISP-1 antibody binds 
native human WISP-1 polypeptide comprising amino acids 23-367 of Figures 
9A-9C (SEQ ID N0:1) or one or more domains of WISP-1 polypeptide comprising 

15 amino acids encoded by the sequences of SEQ ID 110:3, 4, 5, 6, 7, 8, 9, 10 
or 11.' 

4. The antagonist of claim 1, wherein said antagonist comprises a WISP-1 
immunoadhesin . 
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5. A composition comprising the antagonist of Claim 1 and a carrier. 



6. The composition of Claim 5 wherein said carrier is a 
pharmaceutically-acceptable carrier . 

7. A method of inhibiting or neutralizing WISP-1 induction or secretion 
of HAS2, HA, CD44 or RHAMM in mairanalian cells, comprising exposing said 
mammaliln cells to an effective amount of WISP-1 antagonist, wherein said 
WISP-1 antagonist is selected from the group consisting of 

30 d) a WISP-1 immunoadhesin; 

e) a WISP-1 polypeptide linked to a nonproteinaceous polymer selected from 
the grout> consisting of polyethylene glycol, polypropylene glycol, and 
polyoxyalkylene; 

f ) a WISP-1 antibody; and 
35 d) a WISP-1 variant. 

8. The method of claim 7, wherein said WISP-1 immunoadhesin comprises a 
WISP-1 sequence fused to a Fc region of an immunoglobulin. 

40 9. The method of claim 7, wherein said anti-WISP-1 antibody binds native 

human WISP-1 comprising amino acids 23-367 of Figures 9A-9C (SEQ ID NO:l) 
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1^ one or more domains of WISP-1 polypeptide comprising amino acids 
encoded by the sequences of SEQ ID HO: 3, 4, 5, 6, 7, 8, 9, 10 or 
11. 

method of claim 7, wherein said aanunalian cells comprise cancer 



5 10. The 
cells . 



11. The method of claim 10, wherein said mammalian cells comprise colon or 
colorectal cancer cells, breast cancer cells, lung cancer cells or braxn 
10. cancer cells. 

12 A method of treating cancer in a mananal, comprising administering to 
said mammal an effective amount of WISP-1 antagonist, wherein said 
antagonist is selected from the group consisting of an anti-WISP-1 
15 ■ antibody, a WISP-1 immunoadhesin and a WISP-1 variant. 

13. The method of claim 12, wherein said cancer comprises colon or 
colorectal cancer cells, breast cancer cells, lung cancer cells, or braxn 
cancer cells. 

20 

14. The method of claim" 12, wherein said antagonist inhibits or reduces 
cancer cell growth or metastasis. 

15. The method of claim 12, wherein chemotherapy or radiation is 
25 administered to said mammal. 

16. The method of claim 12 wherein said antagonist wherein ^^^^^^^ 
inhibits or neutralizes induction or secretion of HAS2, HA, CD44 or RHAMM 
by native human WISP-1 polypeptide in at least one type of mammalian cell. 
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17. The method of claim 12 wherein said antagonist is an anti-WISP-1 
. antibody. 

18. The method of claim 17 wherein said anti-WISP-1 antibody binds native 
35 ■ human WISP-1 comprising amino acids 23-367 of Figures 9A-9C (SKQ ID H0:1> 

or one or more domains of WISP-1 polypeptide coB^rising amino acids encoded 
by the sequences of SEQ ID N0:3, 4, 5, 6, 7, 8, 9, 10 or 11. 

19. A monoclonal antibody comprising the 3011, 11C2,. 9C10, 5D4, or 9C11 

40 antibody secreted by the hybridoma deposited with ATCC as accession number 

^ or > respectively. 



79 



10 



15 



20 



25 



ft. A monoclonal antibody which binds to the same epitope as the epitope to 
which the 3D11, 11C2, 9C10, 5D4, or 9C11 monoclonal antibody produced by 

the hybridoma cell line deposited as ATCC accession number , , 

^ , or , respectively, binds. 

21. The hybridoma cell line which produces monoclonal antibody 3D11, 11C2, 
9C10, 5D4, or 9C11 produced by the hybridoma cell line deposited as ATCC 
accession number » » — ' °^ ' J^®spectively. 

22. An isolated anti-WISP-1 antibody, comprising an antibody which binds to 
WISP-1 polypeptide and competitively inhibits binding of the monoclonal 
antibody 3Dli, 11C2, 9C10, 5D4, or 9CU produced by the hybridoma cell line 

deposited as ATCC accession number , # » ' °^ ' 

respectively, to said WISP-1 polypeptide. 

23. The antibody of claim 20 which is a chimeric, human or humanized 
antibody. 

24. A chimeric anti-WISP-l' antibody which specifically binds to WISP-1 
polypeptide and said antibody comprises a sequence derived from the 3D11, 
1102, 9C10, 5D4, or 9C11 monoclonal antibody produced by the hybridoma cell 

line deposited as ATCC accession number , , > » ' 

respectively. 

25. The antibody of claim 24 wherein said derived sequence is the variable 
or hypervariable region of the 3D11, 11C2, 9010, 5D4, or 9C11 monoclonal 
antibody. 
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ABSTRACT OF THE DISCIiOSORE 
Methods and compositions for use in modulating the activity{s) of 
WISP-1 polypeptide are provided. WISP-1 antagonists include anti-WISP-1 
antibodies, WISP-1 immunoadhesins and WISP-1 variants (and fusion proteins 
thereof) which inhibit or neutralize induction or secretion of HAS2. HA, 
CD44 or RHAMM by native human WISP-1 polypeptide in at least one type of 
niammalian cell. The invention also provides methods for in vitro. In situ, 
and/or in vivo diagnosis and/or treatment of mammaliari cells or 
pathological conditions associated with native WISP-1 polypeptides. 
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